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ABSTRACT. 
The l i t e r a t u r e dealing with the primary processes 
i n the photolysis of acetone with u l t r a - v i o l e t l i g h t has been 
reviewed and the important areas where r e l i a b l e data e x i s t s 
have been i d e n t i f i e d . Gaps i n the knowledge necessary for 
a complete description of the process have also been noted 
and measurements have been made which made possible a much 
f u l l e r description of the primary process. An apparatus has 
been constructed which measures the l i g h t emission from the 
excited states formed by e l e c t r o n i c a l l y excited acetone 
and the ef f e c t of temperature, acetone pressure, oxygen, 
X 
iodine and Xenon on the excited states has been measured. 
Quantum y i e l d s of methyl iodide from the photolysis of 
o 
acetone at 3130A have been measured by a technique devised 
s p e c i a l l y for t h i s work and by combining these r e s u l t s with 
the l i g h t emission work an ove r - a l l mechanism has been 
produced which embraces both sets of data. The role of 
the t r i p l e t excited state has been shown to be more important 
than was postulated before t h i s work commenced, and the r e s u l t s 
obtained indicate that the mechanism of the primary process 
must be more complex than previous workers had supposed* 
1. 
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INTRODUCTION. 
Many reports on the U.v. photolysis of acetone have 
appeared i n the l i t e r a t u r e . The work was o r i g i n a l l y given spe c i a l 
attention because the photolysis of acetone provides a convenient 
source of methyl r a d i c a l s . Later investigation showed that.when pure 
o 0 
acetone vapour above 100 C i s photolysed at 3130A, the quantum y i e l d 
of acetone decomposition, U i s close to unity and the ove r a l l 
reaction gives two methyl r a d i c a l s and a molecule of carbon monoxide. 
The measurement of the amount of carbon monoxide formed found 
application as a convenient actinometric standard. 
The study of u.v. absorption and l i g h t emission 
(phosphorescence and /l^uor/escence) has provided useful information 
concerning the excited states produced before decomposition. 
The importance of elucidating the mechanism of energy 
dist r i b u t i o n i n the acetone molecule before the primary s p l i t into 
an a c e t y l and a methyl r a d i c a l was demonstrated by Martin and Sutton (4), 
They showed that when acetone vapour above 100°C i s photolysed at 
o 
3130A i n the presence of iodine, the primary quantum y i e l d for 
decomposition, i s reduced to a value well below unity. 
Most workers have studied either the l i g h t emission or the 
photochemical y i e l d s of products under various conditions and have 
produced mechanisms which, were aimed primarily at explaining the 
r e s u l t s i n the p a r t i c u l a r f i e l d investigated. The present work i s 
directed towards extending the measurement of both the l i g h t emission 
and the de-exciting effect of iodine i n an attempt to elucidate a 
mechanism which w i l l account quantitatively and simultaneously fbr 
the l i g h t emission and photochemical y i e l d date. 2. 
CHAPTER I . 
THE PHOTOLYSIS OF ACETONE - A REVIEW. 
The published work i n t h i s f i e l d i s so voluminous that 
the whole of i t cannot be reviewed here (for reviews see 1,2,3)«, 
Only those sections which are basic to the whole subject or of di r e c t 
application to the Work contained i n t h i s t h e s i s w i l l be discussed. 
The Primary Process j n Acetone Photolysis.. 
The primary process w i l l be taken to comprise the events 
between the absorption of a photon and the disappearance of the 
molecule or i t s return to i t s o r i g i n a l s t a t e . 
The energy absorbed w i l l be re-distributed i n one of 
the following ways; 
a. Chemical reaction or decomposition, 
b. Light emission (fluorescence or phosphorescence), 
c. Conversion to thermal energy either by c o l l i s i o n or 
i n t e r n a l conversion. 
Useful information on the primary process w i l l be given 
by the following types of data. 
(1) The absorption spectrum w i l l indicate the energy absorbed 
and taken with the bond strengths i n acetone may exclude certain modes 
of dissociation. A t r u l y continuous absorption spectrum indicates 
that a l l the excited molecules dissociate within a vibration period. 
Discrete absorption implies that l i g h t emission from the de-activation 
of the excited state i s possible. 
(2) Fluorescence and phosphorescence. 
Light emission w i l l give information about the excited states formed. 
The emission spectra w i l l be useful i n the same way as i n (1). The 
ef f e c t of pressure, temperature, wavelength and added gases on the 
3. 
excited states may be studied by means of the l i g h t emission, 
(3) The nature of the reaction products. 
The number of possible mechanisms can be limited to those 
which can give the observed reaction products. The products formed 
when foreign molecules (e.g. scavengers such as iodine, oxygen or 
ni t r i c * o x i d e ) are present, are also useful i n t h i s respect. When 
scavengers are added t h e i r possible effect i n changing the primary 
process must be considered. 
(1) Spectroscopic Information. 
The Absorption Spectrum. 
Acetone shows a broad region Of absorption associated with 
o o 
the carbonyl group between about 3500A and 2300A and another s t a r t i n g 
o 
at and continuing below 2000A. Very l i t t l e photochemical work has 
o 
been done at wavelengths below 2000A: the wavelengths most investigated 
O 0 
have been 3130A and 2537A which f a l l i n the f i r s t of these absorption 
regions. These absorption regions are now recognised (50) as being 
associated respectively with a n*«—n and a n*«-_Tr or tf*f—ft t r a n s i t i o n 
i n the carbonyl group of the molecule. 
Some structure has been reported (2*f, 20, 25) at about 
3130A" but at-the resolutions used i t i s uncertain whether there e x i s t s 
s o l e l y a discrete spectrum or whether there i s an underlying continuous 
absorption. There i s a suggestion of the fuzziness i n bands which i s 
t y p i c a l of predissociation of the upper s t a t e . The excited s t a t e ( s ) 
produced by absorption at 3130A i s capable of l i g h t emission (see next 
section) and t h i s v i r t u a l l y requires structure i n the absorption at 
© 
these wavelengths. As the wavelength i s decreased to below 3130A the 
o 
absorption spectrum becomes more and more diffuse u n t i l , by 2537A the 
absorption i s probably t r u l y continuous and t h i s i s consistent with 
the observation that at that shorter wavelength no l i g h t emission 
occurs and the primary quantum y i e l d for decomposition £y=l (26, 2?) 
o 
Measurements of the absorption c o e f f i c i e n t i n the region below 3000A 
0 
shows a gradual increase to a maximum at about 2750A (25) followed by 
a decrease u n t i l absorption caeses at about 2300A. This behaviour i s 
c h a r a c t e r i s t i c of absorption to a continuum but i t i s v i s u a l l y apparent 
that t h i s o v e r a l l trend i s modified i n that the are subsiduary maxima. 
I t i s worth noting that, because of the many low vi b r a t i o n a l frequencies 
i n the acetone ground state the natural Maxwell-Boltzman dist r i b u t i o n 
w i l l populate appreciably several vibrational l e v e l s i n the absorbing 
molecules and lead to complications i n the absorption spectrum. 
The d i f f i c u l t i e s i n the interpretation of absorption spectra 
of polyatomic molecules are very great. Some success has been achieved 
with highly symmetrical molecules such as pyridine (131 1*0 and 
benzene, (15., 16, 17), and with the r e l a t i v e l y simple molecule of 
formaldehyde (18, 19). Acetone i s not highly symmetrical and no 
detailed interpretation i n terms of the primary process has yet been 
achieved. 
The Emission Spectrum. 
o 
When excited by l i g h t of 313QA acetone emits l i g h t i n the . 
region of 38OOA to k?00A with a maximum in t e n s i t y at about ^550A 
(3^, 35» 36, 37, 28, 39). The wavelength of the maximum int e n s i t y 
i s s e n s i t i v e to changes i n temperature and the presence of cer t a i n 
gases (see l a t e r ) . An emission, often described as "the green 
phosphorescence", has been shown to originate i n b i a c e t y l which i s 
a major photolysis product at temperatures below about 70°C. 
5. 
I n the e a r l i e r work b i a c e t y l was sometimes present as impurity 
i n the acetone. At 50°C the r a t i o of the t o t a l true emission from 
acetone ("the blue emission") to the absorbed inten s i t y has been 
-3 
shown (39) to be about 2 x 10 . 
o 
There i s a gap of 300A between the long-wavelength 
a 
l i m i t of absorption (at about 3500A) and the short-wavelength 
l i m i t of emission (about 38OOA) showing that energy i s l o s t i n the 
excited state between the formation of the state by absorption and 
i t s subsequent emission: the 0,0 t r a n s i t i o n can be tentatively 
placed at 36OO _ 200A. This behaviour i s of course usual. 
As the excited states are usually more loosely bound than ground 
s t a t e s , the Frank-Condon princi p l e ensures that absorption occurs 
to a highly v i b r a t i o n a l l y excited state of the upper electronic 
state and t h i s vibrational excitation i s degraded (by c o l l i s i o n 
or i n t e r n a l l y ) before emission. 
Flash excitation followed by a subsequent study of the 
decay of emission has shown (35) that, at 25°C, the emission i s of 
at l e a s t two kinds: a long-lived component, the phosphorescence, 
-if 
with a h a l f l i f e of about 2 x 10 seconds, and a short-lived 
component, the fluorescence,'. with a h a l f - l i f e of about 8 x 10 
seconds. This l a s t figure agrees very well with the mean li f e t i m e 
_6 
of about 3 x 10 seconds of the excited state estimated (38) from 
the integrated absorption c o e f f i c i e n t . This also suggests that the 
fluorescence originates from the same state as that produced by 
absorption. 
6. 
At 25°C the phosphorescence:- ( 3 5 ) 
(a) contributes about 90% of the emission i n t e n s i t y . 
(b) has some demonstrable structure. 
(c) i s not quenched by hydrogen or nitrogen. 
(d) i s strongly quenched by oxygen, n i t r i c oxide and b i a c e t y l . 
(e) i s quenched by r i s e i n temperature, being v i r t u a l l y 
eliminated by 150 C. 
Since the phosphorescence can be quenched by reagents such 
as oxygen and n i t r i c oxide which do not e f f e c t the fluorescence, 
the fluorescence can be studied i n i s o l a t i o n by quenching the 
phosphorescence. Phosphorescence, however, can only be studied 
by a difference technique i . e . by measuring the difference between 
the quenched and unquenched systems. 
The in t e n s i t y of the fluorescence:-
(a) i s unquenched by oxygen or n i t r i c oxide. 
(b) i s almost independent of temperature over the range 
25°C — 150°C. 
(c) may or may not be quenched by acetone - the reports are 
co n f l i c t i n g . 
( i ) Groh, Lackey and Noyes (35) report that the fluorescence 
i s quenched, the r e s u l t s supporting the Stern-Volmer mechanism 
( i . e . the inverse of the fluorescence e f f i c i e n c y i s proportioned to 
the acetone pressure). 
( i i ) Heiklen's data ( 4 3 ) , published at about the time Work for 
t h i s t h e s i s was commenced, suggested that the fluorescence e f f i c i e n c y 
i s independent of the acetone pressure. I t should be noted that the 
mechanism proposed by Heiklen includes a step which would require 
r 
the fluorescence to be quenched by acetone ( h i s equation 5A) 
7. 
From the r e s u l t s summarised i n the above sections on l i g h t 
emission the following schematic r e l a t i o n s of the absorbing and 
emitting states seems beyond question. 
3 i 3 o f \ 
ciegrcuUI'ion of ~) .ycune. 
«.mirf"i'n 
On the evidence of t h e i r l i f e - t i m e s the fluorescence 
emitting state has been postulated to be a singlet and the 
phosphorescence emitting state to be a t r i p l e t . 
Because the fluorescence i n t e n s i t y i s unaffected by whether 
the phosphorescence i s quenched or unquenched i t may be deduced that 
a) The fluorescence i s emitted from an excited state which preceeds 
the phosphorescing state 
b) The arrow showing the t r a n s i t i o n from the singlet to the t r i p l e t 
i s , i n practice, i r r e v e r s i b l e . 
The spectroscopy of related compounds. 
A study by Heiklea 1M£) of the l i g h t emission from 
trifluoracetone, a f t e r u.v. absorption, has shown that for t h i s 
molecule (which resembles acetone closely i n i t s photochemistry) 
the fluorescence effici e n c y i s independent of acetone pressure, 
temperature or incident wavelength. The absence of effect of 
acetone concentration and temperature on the fluorescence e f f i c i e n c y 
8. 
are stated to be comparable to h i s r e s u l t s (mainly unpublished) 
obtained for acetone. This data indicates, contrary to Groh, 
Luckey and Noyes (35), that the fluorescence i s not quenched by 
0 o 
acetone. At 3130A and 30 C the phosphorescence was found by 
Itoiklon to be quenched by both acetone and trifluoracetone but 
the Stern-Volmer relationship (see previous section) was not 
followed i n either case. A decrease i n phosphorescence y i e l d was 
found to occur with decrease i n the incident wavelength i n the 
6 0 o 
region from 3130A to 2652A. No l i g h t emission occurs at 2537A. 
The major difference found by Hoiklon between the emission from 
acetone and trifluorecetone was the existence of a resonance 
fluorescence i n the case of trifluoracetone. 
The mechanism proposed for acetone photolysis by Heiklen 
from the r e s u l t s for both acetone and trifluoracetone i s s i m i l a r 
to that proposed by Groh, Luckey: and Noyes for acetone (35)-
I t shows an important difference, however, i n that the steps 
responsible for the removal of the si n g l e t state are not dependent 
on acetone pressure. 
Weir (^5) has studied the l i g h t emission from diethyl 
ketone - b i a c e t y l mixtures. Light emission from pure diethyl ketone 
i s i n part due to emission from the biproprionyl formed i n photolysis 
(analogous to bi a c e t y l i n acetone photolysis). Weir showed that 
there e x i s t s also a "blue" emission due solely to diethyl ketone 
but found i t too weak to study quantitatively. The qualitative effect 
of reduction i n the blue i n t e n s i t y with addition of oxygen suggested 
that there was a t r i p l e t contribution to the l i g h t emission as i s 
o 
found i n the acetone case. At 2537A no l i g h t emission was observed 9. 
Thus such r e s u l t s as could be obtained with pure diethyl ketone 
showed that the photolysis resembles acetone photolysis. 
The effect of adding b i a c e t y l to the diethyl ketone 
photolysis was to decrease and increase the emission from 
excited b i a c e t y l . Energy transfer i s proposed from an excited 
t r i p l e t i n the ketone to the b i a c e t y l . The formation of a proprionyl 
r a d i c a l from the singlet state i s postulated and i t i s shown that i t 
4 t 
has enough energy to decompose into and CO. The facts reported 
are analogous to those which have been reported for acetone and a 
mechanism was proposed similar to that proposed by Noyes et al, for 
acetone. 
(2) The Photochemistry of pure acetone. 
(a) The Energetics 
Absorption of 3130A by acetone provides about 91 Kcals 
per mole. The energy required to break the C-C bond i n acetone has 
been put at between 68 and 80 Kcals per mole. Thus s u f f i c i e n t 
energy i s supplied to cause decomposition but i t i s unlikely that 
any of the products w i l l be produced i n a highly excited state. 
This i s e s p e c i a l l y true i f they are produced from a second electronic 
state (e.g. a t r i p l e t ) which i s energetically closer to the ground 
state than the f i r s t (the s i n g l e t ) . 
(b) Products and Mechanism 
The princi p l e products of the photolysis of pure acetone 
a 
with l i g h t of 3130A are as follows: 
At room temperature: Major products C^Hg, bia c e t y l 
Minor products CO, CH^, and others 
At 100°C : Major products CO, CH^ 
Minor products C.,Hg and others 
10. 
There i s common agreement that the above products are to 
be accounted for by the following mechanistic steps: 
CH, CO CH, 3 t> ^ v ch' + nH en ' p 3 1 
2CH3 > C 2 H 6 2 
2CH 3 CO". V b i a c e t y l 3 
CH, CO* ) CH^ + CO h 
CH^ + Ac ) CH^ + CH^ CO CHg 5 
At room temperature reactions 2 and 3 (which being 
free r a d i c a l - free r a d i c a l reactions w i l l have zero activation 
energy) dominate the others and account for the high ethane and 
bi a c e t y l y i e l d s . . The low CO and CH^ y i e l d s at room temperature 
are due to the fact that few methyl r a d i c a l s or CH, CO r a d i c a l s 
3 
survive to undergo reactions k and 5« At temperatures above 120°C 
reaction 5 (which has an appreciable activation energy) competes 
e f f e c t i v e l y with reaction 2 and t h i s accounts for the high methane 
y i e l d and the depression of the ethane y i e l d at these temperatures. 
The higher temperature also increase the rate of reaction k so that 
a high y i e l d of CO r e s u l t s and the b i a c e t y l y i e l d becomes vanishingly 
small. Indeed at temperatures *10Q°C i t i s common to combine k and 1 
and write CH, CO CH, • , > 2 CH, + CO. 
Other secondary reactions are necessary to explain the 
formation of the minor product (e.g. acetaldehyde, Me Et CO and at 
o f t 
250 C ketone and (l^)ani'to account for the fate of r a d i c a l s such 
as CH^ CO CH^ (3) 
CH^ + CH^ CO CH^ ^ CH^ + CHg CO CH^ 
'CH- CO CH, . v 'CH_ CO + CH ' 
11. 
2 CH^ CO CH 2 CO + CH^ CHO 
CH^ + CH 5 CO* ^ CH^ +'CH2 CO 
CH-L + CH_ CO CH-, v C 0 H c CO CH, 
3 2 3 7 2 5 3 
2 CH 2 CO CH^ ^ (CH 2 CO C H ^ 
But i n a l l these secondary reactions there i s never any 
suggestion other than that CH^ and CH^ CO' are the f i r s t r a d i c a l 
species to appear i n the system a f t e r the photo-absorption process. 
The p o s s i b i l i t y that 
CH^ CO CH 3 l' J > C 2 Hg + CO (X) 
may occur by a molecular process can be discounted since small 
amounts of iodine (an e f f i c i e n t r a d i c a l trap - see l a t e r ) can 
suppress the C 2 Hg and CO y i e l d s and t h i s would not be possible i f 
C 2 Hg and CO were being formed without a r a d i c a l intermediary as i n (X) 
(At wavelengths below about 2000A, hydrogen begins to appear as a 
product, but the absorbed quantum at these wavelengths i s s u f f i c i e n t l y 
energetic to break the C - H band and alternative photo-absorption 
steps become po s s i b l e ) . 
The quantum y i e l d of decomposition, , has been measured 
with 3130^ incident radiation. 
3Ed = No. of molecules of acetone decomposed 
No. of quanta absorbed 
and v a r i e s from 0 . 3 at room temperature to 1 . 0 at 120°C ( 1 ) 
(the l a t t e r value being maintained up to 3CO°C ( 9 , 1 0 ) ) . This e f f e c t 
was explained o r i g i n a l l y by suggesting the additional back reaction 
CH^ + CH^ CO* 9 CH^ CO CH^ ( Y ) 
which i s , of course, not amenable to detection since the product i s 
already present i n large excess, but the work of Herr and Noyes ( 12 ) 
1 2 . 
shows that t h i s alone may be too simple an explanation. They 
measured at various acetone pressures and found that: 
(a) the value of 3 ^ - 0.3 at 25°C, for acetone pressures over 
100 .mm, rose and tended towards unity as the acetone pressure was 
decreased. 
(b) a s i m i l a r effect was observed at 75°C, although the low 
value of 3Cel was maintained to lower acetone pressures. 
(c) at 100°C (when3^== 1.0) acetone pressure had no effect on ^ c l 
(d) at very low acetone pressures ( below 10 mm) wall e f f e c t s 
begin to complicate the picture. 
A naive explanation might be that acetone i s necessary 
as a t h i r d body for the r a d i c a l recSflibination step (Y) above but 
i t i s then d i f f i c u l t to see why^ 
(e) acetone should a s s i s t reaction (Y) - reducing the apparent 
decomposition - and not a s s i s t (2) and (3) above (which are also 
r a d i c a l recombinations) hence enhancing decomposition. I t begins 
to appear that the acetone may be capable of modifying .the y i e l d of 
o 
reaction (1) i t s e l f . When i t i s r e a l i s e d that absorption of 3130A 
l i g h t produces an electronic t r a n s i t i o n e s s e n t i a l l y located i n the 
CO. group, yet a l l the evidence i s that the primary step of chemical 
significance i s the rupture of a C-C bond, i t i s clear that equation 
(1) must be much more complicated than the simple representation 
above (as i s i n fact known from the spectroscopic data dealt with 
previously which shows that at l e a s t two e l e c t r o n i c a l l y excited 
s t a t e s need to be taken into account) and some interference by 
acetone i n the processes which occur before the rupture of the C-C 
bond becomes a d i s t i n c t p o s s i b i l i t y . 
13. 
3. The photolysis of acetone iodine mixtures. 
Iodine i s known to be an e f f i c i e n t r a d i c a l trap. I t would 
therefore be expected to trap the primary products found and i f the 
low values of observed at lower temperatures (e.g. 0.3 at 25 C) 
were a r i s i n g because 
CH, CO CIL h CH_ + CH, CO* (1) 
3 3 7 3 3 
was proceeding with = ' but an apparent E d of 0.3 being measured 
because of the interference by the back reaction 
CEL + CH CO' . CH, CO CH„ (Y) 
3 3 * J J 
then 3LNUJE values of about unity would be expected ( or even higher 
i f CH,•CO. I leads to CH,.I i n the a n a l y s i s ) . 
In early work done by Gorji'in (6, 7) on the system at high 
temperatures the value for 2L«I«.X was measured as unity. Workers since 
that time have been unable to reproduce h i s a n a l y t i c a l r e s u l t s (5) and 
and the value of the i s almost c e r t a i n l y too high due to errors 
i n a n a l y s i s . 
Benson and Forbes (5) established the absence of bi a c e t y l 
and ethane i n the photolysis of acetone-iodine mixtures at GcP-lkcPc 
but the y i e l d s of CO which they found are higher than i s now accepted 
to be the correct r e s u l t i n view of l a t e r work (*f, 8). 
The papers by P i t t s and 3lac4t (8) and Martin and Sutton (*f) 
aftd the most important papers i n the f i e l d of acetone - iodine photolysis 
and, taken together, t h e i r r e s u l t s have enabled important deductions to 
be made on the primary process i n acetone photolysis. 
Methyl iodide was the main product i s o l a t e d . Acetyl iodide 
was probably formed with nearly the same y i e l d but neither sets of 
Ik. 
H 
workers could produce quantitative data on i t s y i e l d since C0^ COI 
i s so l a b i l e as to defy a n a l y s i s . No ethane was detected and only 
small amounts of CO (of the order £c« = 0.01). Methyl iodide y i e l d s 
increased with increase i n temperature and decreased with increase 
i n acetone or iodine pressure. 
The work of P i t t s and Blacet was done a t iodine pressures 
which were always i n excess of 2 nfm. By measuring J£ CH^ I at 
80°C and 177°C they showed that the ef f e c t of temperature increase 
i s to increase 3l CH^ I and they also showed that .3: Cfl^ 1 increases 
as the wavelength of the incident l i g h t i s decreased. This l a t t e r 
observation i s int e r e s t i n g i n that the phosphorescence (see previously) 
shows the opposite trend and these two observations taken together 
suggest the p o s s i b i l i t y that both de-activation by iodine at 3130A 
and.the phosphorescence originate from the same electronic state (the 
t r i p l e t ) which becomes l e s s important as the incident wavelength 
decreases i n favour of an electronic state which decomposes d i r e c t l y 
(the s i n g l e t ) . 
The papers by Martin and Sutton (*f), as well as containing 
the important r e s u l t s for lEcH^ I and 5 c o mentioned above, also 
reported the r e s u l t s of using l i g h t of longer wavelength mixed with 
the 3130A which was usually employed. The function of the longer 
wavelength l i g h t was to provide a high concentration of I i n the 
system. I t was found that only a slight increase i n j E CH^ I occurred 
and the r e s u l t was used (see l a t e r ) to estimate the li f e - t i m e of the 
long-lived excited state proposed i n t h e i r mechanism. Martin and 
Sutton analysed t h e i r r e s u l t s by assuming that the methyl r a d i c a l s 
(which gave r i s e to the methyl iodide found i n th e i r a n a l y s i s ) , 
15. 
were formed only by one of the steps. 
GH, CO CH, .A CH' + CO CH_ 
3 3 f 3 3 
or 
CH, CO v CH, + CO. 
3 i 3 
I f t h i s i s the case then £,«/= fcM 3I ~ " J c o and as .sfco was always 
found to be small compared to J CH^ I then i t i s possible to write, 
l e s s exactly 
1-4 ~ I C H 3 X 
The most s i g n i f i c a n t facts established by the above work are 
that i M e l i s much l e s s than unity at higher iodine pressures and 
only begins to r i s e as the pressure of 1^ i s decreased to very low 
values. The observation that reducing the amount of the r a d i c a l 
trap should increase the primary quantum y i e l d i s s t a r t l i n g , 
paradoxical and clear evidence that step ( l ) above i s being 
interfered with before the primary bond rupture. 
The following mechanism was proposed by Martin and Sutton. 
I t shows an in t e r e s t i n g resemblance to the mechanism produced for 
l i g h t emission data (see e a r l i e r ) i n that two e l e c t r o n i c a l l y excited 
s t a t e s are postulated. 
The absorption by acetone (A) of a quantum of radiation 
forms an e l e c t r o n i c a l l y excited state (A) which, i n pure'acetone, 
decomposes almost completely above 100°C giving 5 d =1. 
A + ho ^ A ( l a ) 
i 
A ^ Products (2a) 
/ 
A i s postulated to be susceptible to p a r t i a l deactivation 
by iodine, ( l b ) , i n competition with (2a) 
/ // 
A + I 2 ^ A + I 2 (or 21) ( l b ) 
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A i s a second e l e c t r o n i c a l l y excited state which r e t a i n s 
enough energy to decompose. 
A* v Products (2b) 
A i s postulated to be susceptible to deactivation by 
c o l l i s i o n with acetone or iodine i n competition with (2b). 
A + M M 
follows 
PrJ. 
Where M = GO + ( I 2 ) 
The mechanism may be summarised diagramatically as 
A = acetone molecule i n i t s ground state. 
i a 
A and A e l e c t r o n i c a l l y excited s t a t e s . 
R = r a d i c a l s . 
No v i b r a t i o n a l l e v e l s are shown. 
Except for the smail amount of CO mentioned previously, 
i 
the r a d i c a l s react with or I to give methyl iodide and acetyl 
iodide. The absence of ethane i n the products proves that the 
dire c t s p l i t into ethane and CO does not occur. 
By the usual steady state treatment the equation: 
f c H ^ I - I CO S K2 
1 " T + T O 
>-i 
I 1 + KJIMT 
I - I 
i s obtained where M - (L,) + (A) 
assuming equal e f f i c i e n c i e s of 1^ and A for de-activating A . 
This equation gives good agreement with the experimental 
r e s u l t s which were obtained. 
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Brown (29) proposed a different mechanism which can be 
represented diagramatically thus 
_&1 
i . e . the role of iodine and M i n the Martin and Sutton mechanism 
are interchanged i n the de-activation step from A to A , 
This gives a s i m i l a r mathematical treatment to Martin and Sutton's 
if 
mechanism but makes the important change that A i s s t i l l produced 
even i n the absence.of iodine. This i s important i n any attempt to 
correlate t h i s work with the l i g h t emission r e s u l t s (see l a t e r ) . 
I n the absence of iodine, de-activation of A or A by c o l l i s i o n 
could account for the behaviouS^ of J " d at low temperatures, the 
s p l i t of A or A into r a d i c a l s competing much more favourably 
above 100°C. 
The Martin and Sutton paper provided interesting 
information on the extent of the reaction CH, CO CH, RV .+ CO. 
3 3 T 2 6 
I t had been suggested that a fraction of the a c e t y l r a d i c a l s were 
formed with s u f f i c i e n t energy to decompose v i a CH^ CO <> CH^ + CO, 
before reacting i n any other way. Assuming that the r a d i c a l s a r i s i n g 
t 
from A are equivalent to those formed i n the photolysis of pure 
acetone, they set up an upper l i m i t of 1% to the fraction of a c e t y l 
r a d i c a l s which decompose v i a CH^ CO ^ CH^ + CO. This was done 
by extrapolating the r a t i o i C O ^ !L (CH^)i to i n f i n i t e acetone 
pressure, i , (CH^),, (the quantum y i e l d of CH^I originating i n A ) , 
i s given by 
18. 
£ (OH,), = ( K, ) 
5 }•'•* KJ<V j 
' o 
The r e s u l t s from the use of l i g h t of 3130A mixed with 
larger wavelengths were used to estimate the lifetime of, A . The 
s l i g h t increase i n -^CH^ I which was found was attributed to the 
reaction; of iodine atoms with A and a l i f e t i m e of at. l e a s t 10 
// .... 
seconds was postulated for A . 
Making a reasonable estimation of the c o l l i s i o n diameter 
•". . t 
for the action.between A and iodine and assuming each c o l l i s i o n i s 
n • 
e f f e c t i v e an estimate of h x 10 seconds, was made for the h a l f -
l i f e of A . The h a l f - l i f e so calculated prompted the i d e n t i f i c a t i o n . 
i • 
of A with the f i r s t excited state i n the l i g h t emission.mechanism 
of Groh, Luckey and .Noyes.( 
A could not be i d e n t i f i e d with the second excited state i n 
the light; emission mechanism for obvious,reasons. I t was suggested 
' . / / - . . . . 
that A might be a complex aggregate of acetone and iodine. 
II 
The revised mechanism of Brown (29) suggests that A. i s an 
e l e c t r o n i c a l l y excited state of acetone and possibly the t r i p l e t 
postulated i n l i g h t emission experiments. Brown suggested that 
the study of the e f f e c t of iodine on the acetone phosphorescence 
would heip to choose between h i s mechanism arid that of Martin and 
Sutton. 
*f. The Photolysis of, Acetone - B i a c e t y l mixtures. 
Okabe (33) has. shown that b i a c e t y l effects both the l i g h t 
emission and the photochemistry of acetone. 
Heicklen and Noyes (^ 2, ^ 3) have investigated the photolysis 
19. -.. ' 
of acetone below 70°C using low conversions i n an attempt to prevent 
the r e s u l t s from being complicated by the i n - s i t u production of 
biacetyl.. They have also used the same technique to study l i g h t 
emission and quantum yi e l d s of acetone - b i a c e t y l mixtures at low 
temperatures. Their more important r e s u l t s may be summarised as 
follows: 
i 
(1) B i a c e t y l removed that part of the em^sion from acetone which i s 
removed by oxygen i . e . the phosphorescence. 
(2) The fluorescence y i e l d changed l i t t l e with acetone pressure and 
r e l a t i v e l y l i t t l e with incident wavelength i n the range 2800A - 3130A. 
(3) The phosphorescence diminished with decrease i n wavelength i n 
the same range. 
e 
(k) Using incident l i g h t of wavelength 3130A the phosphorescence 
decreased with increase i n acetone pressure. At the other wavelengths 
used the phosphorescence increased as the acetone pressure was 
increased. 
was calculated from a n a l y s i s of the amounts of carbon monoxide, 
b i a c e t y l and ethane present. Id was found to be decreased by the 
presence of quite small pressures ( 0«08 mjn) of biacetyl. At higher 
b i a c e t y l pressures a saturation effect was found and became constant 
as the b i a c e t y l pressure was further increased. 
(6) With photolysis of pure acetone to low conversions ( l e s s than 0.3%) 
U increased with temperature. The carbon monoxide y i e l d also 
increased with temperature but changed l i t t l e with acetone pressure. 
Light i n t e n s i t y had l i t t l e e f f e ct on the y i e l d s . 
(7) The addition of b i a c e t y l lowered the r a t i o CgHg/CO. 
The r e s u l t s were interpreted in terms of an energy transfer between 20. 
the excited t r i p l e t formed i n acetone photolysis and the b i a c e t y l 
molecule: the acetone phosphorescence and photo-decomposition 
i s thus diminished by removal by reaction of the t r i p l e t with b i a c e t y l 
before decomposition or l i g h t emission can occur. 
Heiklen (^2) postulated that the reduction of the r a t i o 
• ^ Hg/CO by additibn of b i a c e t y l could be due to the fact that 
dissociation from the acetone s i n g l e t state when the t r i p l e t i s f u l l y 
quenched i s mainly by the step 
CH 5 CO C H £ ^ 2 CH^ + CO 
whereas i n the absence of b i a c e t y l the t r i p l e t provides methyl 
r a d i c a l s by way of 
CH, CO CH, x CH, + CH, CO 
3 3 * 3 3 
J I t i s in t e r e s t i n g to note that at kO°C the addition of s u f f i c i e n t 
b i a c e t y l reduced to about one t h i r d of i t s value i n the absence 
of b i a c e t y l . As the effect of the b i a c e t y l i s almost c e r t a i n l y to . 
de-activate the t r i p l e t i n acetone (as Heiklen postulates) then 
Heiklen's- r e s u l t s suggest that the role of the t r i p l e t i s v a s t l y more 
important than had been postulated-by previous workers. The importance 
e 
of the t r i p l e t state formed at 3130A w i l l be further discussed i n the 
l i g h t of r e s u l t s to be reported l a t e r i n t h i s t h e s i s on the emission 
from acetone - iodine mixtures and the quantum y i e l d of methyl iodide 
i n acetone - iodine mixtures. 
The Photolysis of Acetone .- Oxygen Mixtures. 
Only those papers dealing d i r e c t l y with the e f f e c t of oxygen 
on the primary process i n the photolysis of acetone w i l l be dealt with 
i n t h i s review. The l i t e r a t u r e dealing with the products formed by 
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reaction of oxygen with the products of the photolysis i s 
voluminous and sometimes contradictory. With oxygen present, 
oxidations (possibly involving chain mechanisms) begin to make th e i r 
appearance and quantum y i e l d s more than unity for products become 
commonplace. 
The effect of oxygen on the emission of l i g h t from acetone 
has been dealt with i n a previous section. That evidence established 
beyond reasonable doubt that oxygen removes the emission from the 
t r i p l e t . The mechanism for the quenching of t r i p l e t emission can 
be postulated as being either de-activation of the t r i p l e t state by 
oxygen or reaction of the oxygen with' the t r i p l e t state to form 
products. The analysis of the products formed i n the photolysis of 
acetone - oxygen mixtures can provide data which i s useful i n deciding 
the r o l e of oxygen i n the primary process. However the interpretation 
of the data i s made d i f f i c u l t by the complexity of the product formed. 
Mdrcotte and Noyes (30, 31) have analysed the- products 
formed i n the photolysis of acetone - oxygen mixtures above 100°C. 
« 
They found that as the oxygen pressure was reduced to 0.0*f mm, j£ CO 
approached a maximum value of about 3* At higher oxygen pressures, 
up to 0.3 m m, the sum of i . CO and 3L CO2 remained constant at about 
3. They also found that at temperatures where i s close to one for 
pure acetone (above 100°C) then the addition of oxygen had l i t t l e 
e f f e c t on the l i g h t emission. 
Morcotte and Noyes propose that t h e i r r e s u l t s are consistent 
with taking a value of unity i n the presence of oxygen above 
100°C. The value of 5 CO = 3 at the lowest oxygen pressures i s 
explained by postulating that one molecule of CO i s formed from 
22. 
dissociation of the a c e t y l r a d i c a l and one from each of the methyl 
r a d i c a l s produced. At higher oxygen pressures CO^  which i s found i s 
proposed as being formed so l e l y from the CO . Thus the previous value 
of i CO = 3 i s replaced by i c o + £c0 2 = 3 and t h i s i s taken as 
evidence that oxygen reacts with the products of decomposition of 
the acetone molecule and J d = 1. 
The apparent lack of effect of oxygen on the l i g h t emission 
at temperatures above 100°C was used as evidence that oxygen has no 
ef f e c t on the decomposition of the excited acetone molecules - i f 
oxygen were effective i n de-exciting the s t a t e ( s ) responsible for 
decomposition i t should also reduce the l i g h t emission from those 
s t a t e s . This argument i s only v a l i d , however, i f the state which i s 
responsible for l i g h t emission i s the same as that which decomposes 
or i s de-excited by oxygen. I f the l i g h t emission were from a state 
(the s i n g l e t ) which i s formed before the state (the t r i p l e t ) which 
reacts with the oxygen (by decomposition or de-excitation), then the 
r 
presence of absence of oxygen could not be expected to modify the 
l i g h t emission. The suggestion by Marcotte and Noyes that above 
o e 
100 C the rate of decomposition of acetone i n photolysis a t 3130A 
i s so high that de-activation by oxygen must be small i n comparison 
i s s t i l l open to question. I f the postulate that XI =1 above 100 C 
for acetone - oxygen mixtures i s true then the role of the oxygen i n 
the mechanism must be very different to that of iodine i n the 
acetone- iodine system (see previously). 
Brown (29) has produced r e s u l t s which could be s i g n i f i c a n t 
i n indicating the primary action of oxygen i n the photolysis of 
acetone - oxygen mixtures. He photolysed mixtures of acetone, 
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oxygen and iodine and measured the y i e l d of products formed. Using 
the assumption that methyl r a d i c a l s formed i n the primary process 
react either with iodine or oxygen to form methyl iodide or 
formaldehyde, Brown calculated the quantum y i e l d for decomposition 
of acetone from the expression 
Je| = I C H 2 0 + £ CKj I (19) 
He observed.that; as the iodine pressure was reduced at constant 
oxygen pressure the y i e l d s of oxygen containing products rose and 
also that, as expected, Ed increased. The.increase of 3u| , 
however, was a c t u a l l y greater i n the presence of oxygen than i n the 
case of iodine alone. Brown interpreted these r e s u l t s as indicating 
that, oxygen Was competing with iodine for the second excited state 
i n acetone (the t r i p l e t ) but that i t s function >as one leading to 
dis s o c i a t i o n rather than de-activation. These deductions, are only 
sound i f the above equation (19) on which they are based, i s . v a l i d . 
Mitchell (32) has also investigated the effect of adding 
iodine to the photolysis of acetone - oxygen mixtures. He found 
that iodine caused a reduction of not more than a factor of 10 i n 
h i s measured values for 3L CO and \£ C02 but £ CH 2 0 i s reduced by 
a factor of 300. He also found that 3l CH, I increased with increase 
3.'" 
i n oxygen concentration at constant iodine concentration.: 
The r e l a t i v e l y large e f f e c t of iodine on liCH., 0 compared 
to i t s e f f e c t on . 3l CO and. 3~C02 indicated that formaldehyde might 
not be a d i r e c t product of the action of oxygen with methyl r a d i c a l s 
but that i t i s produced from a secondary r a d i c a l - perhaps acetonyl; 
This throws considerable doubt on the equation (1*0 on which Brown's 
r e s u l t s are based. . 
' 2k. ' '• 
Mitchell's observation of the increase of ~IT CPU I as 
oxygen concentration i s increased at constant iodine concentration 
can be explained most simply i n terms of the primary process as 
being due to an oxygen dependent decomposition step competing with 
de-activation by iodine.. However the increase i n CH^ I could 
also a r i s e from the reaction of oxygen with the acetyl iodide. 
Thus a general review of the photolysis of the oxygen -
acetone system reveals l i t t l e firm data on which to base a mechanism 
for the role of oxygen i n the primary processes. Whether the oxygen 
reacts with the acetone t r i p l e t to form products or by de-excitation 
of the t r i p l e t , or both, remains an open question. The reaction 
products i n the system are so complex that a solution by means of 
photochemical y i e l d determinations appears to be a d i f f i c u l t task. 
Summary. 
Established data on the primary process i n the u.v. photolysis 
of acetone can be l i s t e d as follows: 
.(a) The excited state formed by absorbing a quantum of energy 
loses some of that energy before emitting l i g h t . 
(b) At l e a s t two e l e c t r o n i c a l l y excited states are found with 
-if i» 
l i f e t i m e s of about 10 sees (the t r i p l e t ) and 10 (the s i n g l e t ) . 
(c) The short-lived state i s not appreciably affected by 
temperature, oxygen, n i t r i c oxide or b i a c e t y l . 
(d) The long-lived state i s quenched by acetone, oxygen, n i t r i c 
oxide and b i a c e t y l or heating above 100°C. 
(e) The primary s p l i t i s into a CH^ and a CH^ CO r a d i c a l . Above 
100°C the CH^ CO r a d i c a l i s unstable with respect to decomposition 
into CH^ and CO. 
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( f ) The quantum y i e l d of CO i s close to one above 100°C. 
(g) Iodine de-excites at l e a s t one of the excited states 
thereby reducing decomposition. 
The most important points which are either i n dispute 
or which need •further c l a r i f i c a t i o n may be l i s t e d . 
(1) . The spectroscopic data, although of prime importance i n 
the progress which has been made i n establishing the mechanism, i s 
too complex to provide on i t s own further insight into the mechanism 
unless more refined measurements can be made. 
(2) The r e l a t i v e importance of the two excited states i s 
not known. 
(3) The effect of acetone on the singlet state requires further 
investigation i n view of the c o n f l i c t i n g data i n the l i t e r a t u r e on 
whether or not the s i n g l e t i s quenched by .acetone. 
(4) The mechanism of the inter-action of iodine with the excited 
s t a t e ( s ) i s not known. 
(5) More quantatitive data i s required on the quenching of the 
long-lived emission by acetone and other gases, especially at high 
temperatures. 
(6) The determination of chemical y i e l d s i n the acetone - oxygen 
system has not established the role of oxygen i n the primary process. 
(7) While many mechanisms have been proposed to explain small 
sections of the data a v a i l a b l e , a s a t i s f a c t o r y mechanism embracing 
both l i g h t emission and quantum y i e l d data has not yet emerged. 
26. 
AIMS OF THE PRESENT INVESTIGATION. 
Although several papers on the l i g h t emission from acetone 
existed at the beginning of t h i s investigation, much important 
information was lacking. I n p a r t i c u l a r , the quenching of the 
I 
phosphorescence by temperature and addition of gases such as 
oxygen and n i t r i c oxide has not been f u l l y investigated and l i g h t 
emission at elevated temperatures had not been studied i n any 
d e t a i l . The main reason for t h i s was probably that the emission 
from acetone i s so weak that previous investigators were unable 
to take quantitative measurements when part of the i n t e n s i t y was 
quenched. No doubt the same explanation can be put forward to 
explain the confusion i n the l i t e r a t u r e concerning the effect of 
acetone on the fluorescence e f f i c i e n c y . The papers by Groh, 
Luckey and Noyes, contain c o n f l i c t i n g r e s u l t s to those reported 
by Heiklen. 
I t appeared thatf an investigation of the effect of iodine 
On the l i g h t emission might enable the mechanism proposed by 
Brown for the acetone - iodine system to be confirmed. 
The o r i g i n a l aim was to construct an apparatus capable 
of investigating quantitatively the l i g h t emission of acetone 
vapour, either pure or i n the presence of oxygen or iodine. I t 
was also intended to investigate l i g h t emission at and above 100°C 
where most of the chemical y i e l d s have been determined; the 
intention being to attempt to find a mechanism to f i t quantitatively 
both the l i g h t emission and quantum y i e l d r e s u l t s . 
27. 
The f i n a l part of the work involved the development 
of a new technique for determining i n the acetone iodine 
c 
system at 3130A over a range of iodine pressure greater than has 
previously been reported. From the values of 5cH_I obtained i t 
3 
was intended to demonstrate that the r a t i o s of constants derived 
i n the l i g h t emission r e s u l t s give t h e o r e t i c a l l y calculated values 
of i c H ^ I which agree with those found experimentally. 
Throughout the investigations reported i n t h i s t h e s i s 
the l i n e of investigation followed was that which seemed most 
l i k e l y to produce information useful i n elucidating the primary 
13 
process involved i n the photolysis of acetone at 3130A. With 
t h i s i n mind the investigation of l i g h t emission was discontinued 
e 
at a stage where the emission of acetone at 3130A had been f a i r l y 
f u l l y investigated, so that 5E CH^I could be studied. The goal 
a t which the work was aimed was the col l e c t i o n of r e s u l t s which 
would allow a mechanism to be developed which would account both 
quantitatively and simultaneously for the l i g h t emission and the 
photochemical y i e l d data. 
28. 




Trotman-Dickinson and Steacie have observed that i n the 
di r e c t photolysis, analar grade acetone gives r e s u l t s consistent 
v/ith those from "purified 1* analar acetone. A fresh unopened bottle 
of analar grade acetone was procured at the outset and was stored i n 
a cool dark place. The acetone was dried over magnesium sulphate and 
d i s t i l l e d into the storage bulb. The acetone was tested for the 
presence of unsaturated compounds by reaction with dilute potassium 
permanganate solution at room temperature. I t gave no reaction. 
I t was also tested for b i a c e t y l by the addition of hydroxylamine which 
would form dimethyl glyoxime with any b i a c e t y l present. The formation 
of dimethyl glyoxime was tested for by the formation of the coloured 
n i c k e l complex. This t e s t i s s e n s i t i v e to about one part i n ten 
thousand for b i a c e t y l . No b i a c e t y l was detected. 
Before use the acetone was outgassed by prolonged pumping 
at - ?8 0C. The storage bulb was blackened to prevent any formation 
of b i a c e t y l by sunlight. 
Oxygen. 
The oxygen used was taken d i r e c t l y from a cylinder from 
B.O.C. I t did not contain impurities which absorb or emit l i g h t of 
the wave-lengths used i n these investigations. 
Iodine. 
Analar grade iodine was used without further p u r i f i c a t i o n 
except to outgas i t thoroughly to guarantee that i t was free from 
oxygen trapped i n the c r y s t a l s . This was done by altnor-a-tively 
s u b l i m i n g the i o d i n e i n i t s r e s e r v o i r then f r e e z i n g i t down and 
pumping t o a h i g h vacuum, l l i i s manoeuvre was repeated 30 times 
Xenon. 
Sp e c t r o s c o p i c a l l y pure xenon was used d i r e c t l y from a 
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Apparatus and Experimental Method f o r L i g h t Emission Measurements. 
The apparatus i s shown schematically i n f i g . (1). The 
d e t a i l s are as f o l l o w s : 
The u.v. source was a P h i l l i p s mercury vapour lamp, r a t e d 
a t lOOw A.C., but f o r reasons which w i l l be explained l a t e r , i t was 
necessary t o run t h i s from a D.C. supply. The lamp was powered from 
the 120" D.C. mains a v a i l a b l e i n the l a b o r a t o r y , the supply being 
f u r t h e r smoothed by the c i r c u i t of f i g . 2A ( t o reduce the 100 c.p.s 
r i p p l e remaining from r e c t i f i c a t i o n of 50 c.p.s mains). The inductance 
used (about 10 Henries) was the primary o f a transformer and the 
r e s i s t a n c e was set so t h a t the lamp d i s s i p a t e d about 30w when warmed 
t o the o p e r a t i n g temperature. 
The l i g h t passing through the c e l l f i g . (1) was c o l l i m a t e d 
by the quartz lens system L, ( f o c a l l e n g t h 5") and the stops T^, T^ 
and T^ so t h a t a p a r a l l e l beam of diameter 0.5 cm passed through the 
dentre of the c e l l . The stops prevented q u i t e a l a r g e f r a c t i o n o f 
the l i g h t from e n t e r i n g the c e l l but t h i s was found t o be necessary 
i f the amount of l i g h t s c a t t e r e d i n t o the p h o t o m u l t i p l i e r was t o be 
kept t o a reasonably low l e v e l . 
L i g h t - o f wave-lengths near 3130A was obtained by the use of 
the f o l l o w i n g f i l t e r system: 
(1) A disc shaped quartz c e l l 1 cm. between the plane p o l i s h e d 
faces which contained a s o l u t i o n o f potassium chfornate (0.2gms/litre) 
t o which 0.2 g m s / l i t r e o f sodium hydroxide had been added t o prevent 
dichromate f o r m a t i o n . 
(2) Two l a y e r s of Chance 0X7 glass f i l t e r each l a y e r being 
2mm. t h i c k . One of the Chance f i l t e r s was incorporated as one face 
of the chromate c e l l . 
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(3) A disc shaped quartz c e l l 1 cm between the plane p o l i s h e d 
faces which contained n i c k e l sulphate o f s t r e n g t h 50gms/litre. 
..The transmission spectrum of the f i l t e r [ system was measured 
i n a Unicam (SP500) spectrophotometer and i s shown i n f i g . (3). 
The f i l t e r system was e f f e c t i v e i n e l i m i n a t i n g a l l l i n e s except those 
0 .- , . c l o s e . t o 3130A i n the emission spectrum f o r a mercury lamp run a t 
medium pressure ( i . e . a t or j u s t l ess.than one atmosphere). - I t w i l l 
be noted t h a t a great deal of i n t e n s i t y has been f o r f e i t e d i n order 
t o g a i n . p u r i t y of the l i g h t , used. . This was considered worthwhile as 
i t seemed.from previous work (hj>) t h a t the mechanism of the p h o t o l y s i s 
may depend c r i t i c a l l y on wave-length. 
The sectors and were d r i v e n a t about 5000 r.p.m. by., 
a n ^ e l e c t r i c motor run from a 2^ v o l t DC supply. This supply was 
smoothed, using t h e . c i r c u i t shown i n f i g . (2B) t o reduce e l e c t r i c a l 
i n t e r f e r e n c e . i n the a m p l i f i e r . The sector c u t t i n g the i r r a d i a t i n g 
beam had three 60 P segments cut.out symmetrically, w h i l s t sector 
had j u s t twice as many 30° segments removed. The reason f o r t h i s i s 
t o be found i n the e l e c t r o n i c set-up used and w i l l be explained l a t e r . 
The whole motor and lamp s e c t i o n of the apparatus was enclosed i n a 
removable aluminium box w i t h s u i t a b l e Openings f o r the emergent u.v.. 
beam. The purpose of the box was t o screen the l a b o r a t o r y g e n e r a l l y 
from the u.v. l i g h t and also as a safety, measure i n case of an accident 
w i t h the r a p i d l y , moving sector p l a t e s . 
The furnace consisted of a s o l i d aluminium block which was 
halved and d r i l l e d t o contain the c e l l and i t s connecting tubes. 
At each end of the furnace a heavy copper tube was f i x e d c o a x i a l l y 
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copper tubes served t o prevent any sharp temperature gradient a t the 
edge of the aluminium block. The i n t e r n a l surfaces of a l l the furnace 
s e c t i o n were painted black w i t h "A dag" c o l l o i d a l g r a p h i t e t o prevent 
any s t r a y e x t e r n a l l i g h t from being r e f l e c t e d i n t o the p h o t o m u l t i p l i e r . 
The aluminium block p o r t i o n of the furnace was heated by two 150W 
Edwards pump heaters connected i n s e r i e s . The power supplied was 
110V AC from a main6 transformer and the temperature c o n t r o l l e d 
manually t o about i 2°C over the range ambient t o 150°C by a v a r i a b l e 
175 ohms resi s t a n c e i n s e r i e s . 
P h o t o c e l l s . 
C e l l (A) f i g . ( l ) which produced a t r i g g e r s i g n a l f o r the 
sc a l e r (see l a t e r f o r explanation) was a caesium-cathode M u l l a r d 
CV 90 p h o t o c e l l . The r e q u i r e d 90V f o r the c e l l was supplied from a 
dry b a t t e r y . 
The chopped beam focussed by the lens system between the 
sector blades f e l l onto A g i v i n g an output s i g n a l through the probe 
u n i t t o the A.E.R.E. type 200 s c a l e r . 
C e l l (B) was used t o measure the i n t e n s i t y of the u.v. beam 
a f t e r passing through the c e l l . I t was a C i n t e l QVA 39 p h o t o c e l l 
contained i n a quartz envelope. A p o t e n t i a l of 20 v o l t s was provided 
by a small b a t t e r y which was contained i n a metal box t o screen i t 
from AC pick-up. C e l l (B) was also contained i n a s t e e l box c o n t a i n i n g 
a window through which the c e l l could "see" along the a x i s of the 
quartz c e l l . 
The p h o t o m u l t i p l i e r (C) was an E.M.I, type 6097B contained 
i n a metal box which acted both as an e l e c t r i c a l s h i e l d and l i g h t 
excluder. E l e c t r i c a l leads t o (C) passed through Plessey plugs on 
33-
the metal box. Light*emitted from w i t h i n the r e a c t i o n c e l l passed 
through the l e n s onto the p h o t o m u l t i p l i e r cathode. The I l f o r d 805 
f i l t e r between the l e n s and the p h o t o m u l t i p l i e r stopped a l l u.v. below 
38OOA and t r a n s m i t t e d more than 8C# of the l i g h t above kOOOk. 
The E.H.T. supply t o the p h o t o m u l t i p l i e r was supplied from 
an A.E.E.E. type 100? power pack and potentiometer which gave any 
voltage up t o 2KV t o a tolerance of 1%, A f i l t e r was incorporated 
between the p h o t o m u l t i p l i e r and the potentiometer t o e l i m i n a t e a.c. 
vo l t a g e s . The f i l t e r was an E.H.T. 1029 type modified f o r use w i t h 
standing c u r r e n t by r e p l a c i n g the 10 megohm resistances by 0*5 megohm 
res i s t a n c e s . The c i r c u i t i n c l u d i n g the p h o t o m u l t i p l i e r i s shown 
schematically i n f i g . ( 1 ) . 
L i g h t Emission Measurements. 
The low fluorescence/phosphorescence e f f i c i e n c y makes t h i s 
q u a n t i t y a d i f f i c u l t one t o measure w i t h accuracy and t h i s i s 
e s p e c i a l l y t r u e a t temperatures above about 50°C where the 
phosphorescence i s s u b s t a n t i a l l y quenched. Previous work has a l l been 
subject t o considerable l i m i t a t i o n s i n the range of experimental 
c o n d i t i o n s over which r e l i a b l e data could be c o l l e c t e d because of the-
l i m i t a t i o n s imposed by these problems. The d i f f i c u l t i e s are t w o f o l d . 
(1) Because of the low fluorescence/phosphorescence e f f i c i e n c y 
considerably more e f f e c t i v e gain.must be b u i l t i n t o the emission 
d e t e c t i o n system compared t o t h a t f o r the d e t e c t i o n o f the e x c i t i n g 
l i g h t and there are problems i n ensuring t h a t t h i s gain i s constant 
or t h a t v a r i a t i o n s are p r o p e r l y allowed f o r . 
(2) With the e x c i t i n g i n t e n s i t i e s p r a c t i c a b l e , the f l u o r e s c e n c e / 
phosphorescence emission i s so small t h a t the s i g n a l t o noise r a t i o 
3*f. 
i n the emission d e t e c t i o n system i s i n e v i t a b l y poor. 
The d e t e c t i o n system used i n t h i s work attempts t o overcome 
these d i f f i c u l t i e s t o a greater extent than has been p r e v i o u s l y 
achieved i n the f o l l o w i n g ways: 
(1) The cur r e n t s from the p h o t o m u l t i p l i e r and the p h o t o c e l l B 
a. 
are compared before any a m p l i f i c a t i o n ( a p a r t from t h a t inherent i n the 
p h o t o m u l t i p l i e r ) on the potentiometor P, d e t a i l s of which are given 
l a t e r . B r i e f l y the potentiometer i s so arranged t h a t when i t s output 
i s n u l l e d the potentiometer reads d i r e c t l y the r a t i o 
P h o t o m u l t i p l i e r c u r r e n t 
P h o t o c e l l B c u r r e n t 
and t h i s reading i s equivalent t o the l i g h t emission e f f i c i e n c y . 
By comparing the cur r e n t s d i r e c t l y i n t h i s way f l u c t u a t i o n s 
i n l i g h t output of the lamp are discounted. 
(2) The a m p l i f i e r system i s used only as a n u l l - d e t e c t i o n device: 
t h i s discounts any minor changes i n gain since such changes only a f f e c t 
the s e n s i t i v i t y w i t h which the n u l l p o i n t can be detected. 
(3) I n c l u d e d i n the a m p l i f i e r system i s an extremely narrow 
bandwidth a m p l i f i e r which i s synchronously locked t o the chopping 
frequency o f the l i g h t beam. (This i s the reason f o r the use of the 
sectors and S2 and the use of i n t e r m i t t e n t r a t h e r than continuous 
i l l u m i n a t i o n ) . The f u n c t i o n of t h i s u n i t i s t o provide gain only a t 
the frequency of the chopped beam and a very narrow band of frequency 
on .either side of t h i s . Noise, which covers the whole spectrum o f 
frequencies, i s t h e r e f o r e i n general not. a m p l i f i e d by t h i s u n i t . 
Since the a m p l i f i e r i s locked t o the frequency of the s i g n a l of i n t e r e s t , 
35. 
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P i g . 4 Potentiometer 
the e f f e c t of t h i s u n i t i s t o give a great improvement i n the s i g n a l 
t o noise r a t i o . 
The Potentiometer P. 
The arrangement of the potentiometer i s Bhown schematically 
i n f i g . 4a. 
The p h o t o m u l t i p l i e r c u r r e n t , i p , flows through the whole 
r e s i s t a n c e of the potentiometer, R, and the p h o t o c e l l c u r r e n t , i c , 
f l o w s i n the opposite sense through p a r t o f t h i s r e s i s t a n c e , r . 
V/hen the potentiometer output i s n u l l e d ( i . e . a t ground p o t e n t i a l ) 
then c l e a r l y : 
ip.R = i c . r 
and when t h i s n u l l p o i n t has been obtained, the r a t i o of the two 
c u r r e n t s can be read from the potentiometer since: 
_ r _ _±c_ 1 
• B " ^ 
To achieve accuracy i n reading the potentiometer i t i s 
constructed as shown i n f i g . kb. Coarse adjustment of r i s by the 
10 - p o s i t i o n gaiged switch S, and f i n e adjustment by the p r e c i s i o n 
l i n e a r potentiometer P. 
The A m p l i f i e r System. 
The output of the potentiometer was fed t o an A.E.R.E. type 
1008 Head a m p l i f i e r and from t h i s v i a a band-pass f i l t e r t o the main 
1008 a m p l i f i e r . The band-pass was tuned t o approximately the 
frequency of the l i g h t seen by p h o t o c e l l B and the p h o t o m u l t i p l i e r 
( p r e c i s e t u n i n g was p o i n t l e s s since the speed o f the sector motor was 
not a c c u r a t e l y c o n t r o l l e d ) . The f u n c t i o n of the f i l t e r i s t o e l i m i n a t e 
noise a t frequencies d i f f e r e n t from the s i g n a l frequency and a l s o , 
much more i m p o r t a n t l y , t o remove harmonics of the s i g n a l frequency 
36, 
before the synchronous a m p l i f i e r where such harmonics would cause 
m a l f u n c t i o n . The output o f the main 1008 a m p l i f i e r feeds the 
synchronous a m p l i f i e r whose output was displayed on a centre-zero 
spot galvonometer. Synchronization of the a m p l i f i e r i s ensured by 
the s i g n a l from the photo c e l l A which i s a p p l i e d t o an A.E.R.E. type 
200 s c a l e r . The l a r g e amplitude antiphase square waves from the anodes 
of the f i r s t b i n a r y stage are used as the t u n i n g switch s i g n a l s f o r 
the synchronous a m p l i f i e r . The synchronous a m p l i f i e r i s described i n 
more d e t a i l i n Appendix I . 
Oxygen-Acetone Measurements. 
I t i s an o f t e n r e p o r t e d f a c t (42, 33) t h a t , i n the p h o t o l y s i s 
of pure acetone below 80°C, b i a c e t y l i s produced. B i a c e t y l i s e x c i t e d 
o 
t o a s t r o n g l y e m i t t i n g t r i p l e t s t a t e by 3130A so t h a t the t r a c e amounts 
formed could i n t e r f e r e s e r i o u s l y w i t h measurements of l i g h t emission 
from acetone. Because o f t h i s i t was intended t o use a f l o w system a t 
temperatures below 100°C. However, i t was.found t h a t the l i g h t emission 
was independent of flow r a t e and, even w i t h no flow through the c e l l , 
no build-up of l i g h t emission could be detected i n 30 minutes 
i r r a d i a t i o n . This r a t h e r s u r p r i s i n g r e s u l t can probably be explained 
by the f a c t s ; (1) the l i g h t i n t e n s i t y was very small; (2) the volume 
of the i r r a d i a t e d p o r t i o n of acetone along the a x i s of the c e l l was 
very small compared t o the t o t a l volume of acetone enclosed i n the 
r e a c t i o n c e l l p a r t of the apparatus. The f a c t t h a t a s t a t i c system 
could be used made the reading of pressures much more accurate and 
convenient than would have been the case i n the flow system. I t was 
never found necessary t o pass u.v. through the c e l l f o r more than one 
37. 
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minute t o take a reading and, as an added p r e c a u t i o n , a new batch of 
acetone was used f o r each reading. 
The apparatus used f o r f i l l i n g the c e l l w i t h acetone or 
acetone/oxygen mixtures i s shown i n f i g . (5)» 
The c e l l was constructed from pure s i l i c a by Thermal 
Syndicate L i m i t e d . . I t was 6 cms l o n g , s l i g h t l y barrel-shaped 
o f diameter 2 cms. Each end was plane p o l i s h e d and a plane p o l i s h e d 
window 2 cms i n diameter i n the centre of the T shaped c e l l enabled 
the l i g h t e mitted perpendicular t o the i n c i d e n t beam t q enter the 
p h o t o m u l t i p l i e r . The s i l i c a c e l l was j o i n e d t o the r e s t of the 
apparatus by graded s i l i c a - p y r e x seals. The side tubes on the c e l l 
were heat i n s u l a t e d over a distance o f 2" where they emerged from 
the heat i n s u l a t i o n enclosing the aluminium block i n which they 
r e s t e d . C o l l o i d a l g raphite was p ainted over the connecting tubes 
between T 2, T^, T^ . and the c e l l t o prevent s t r a y l i g h t from e n t e r i n g 
the p h o t o m u l t i p l i e r along the tubes. The surface of the c e l l except 
f o r the windows was also covered w i t h c o l l o i d a l g r a p h i t e . 
The e l e c t r i c a l h e a t i n g of the aluminium block which enclosed 
the c e l l was c o n t r o l l e d manually t o about ± 2°C. The temperature of 
the c e l l was measured by a N.P.C. c a l i b r a t e d thermometer seated i n a 
recess i n the block close t o the c e l l . A lens was used t o a s s i s t i n 
.reading the scale behind the manometer M. The p u r i f i e d acetone was 
s t o r e d i n the bulb A. 
I t has p r e v i o u s l y been re p o r t e d (30) t h a t n i t r o g e n has no 
e f f e c t on the emission or absorption of l i g h t i n acetone p h o t o l y s i s . 
This was confirmed i n p r e l i m i n a r y experiments w i t h the apparatus 
then the oxygen which was used i n the acetone-oxygen runs was 
38. 
d i l u t e d w i t h n i t r o g e n so t h a t small oxygen pressures could be 
measured more a c c u r a t e l y on the manometer M. 
Oxygen and n i t r o g e n were introduced i n t o the evacuated 
apparatus by means o f the s i n t e r S d i p p i n g i n t o the mercury trough. 
With and T^ closed and T^ and 1^ open, the pressure of oxygen and 
n i t r o g e n introduced was adjusted u n t i l a r a t i o of one p a r t of oxygen 
t o nine p a r t s o f n i t r o g e n was obtained i n a t o t a l pressure o f 25 cms 
Hg. A f t e r mixing overnight T^ was closed and the c e l l p a r t of the 
apparatus was evacuated. E was a 2 l i t r e f l a s k . 
Mixing i n the r e a c t i o n c e l l was allowed t o occur n a t u r a l l y 
when oxygen and acetone were used. The side tubes between the c e l l 
and the taps T,,, T^ and were kept as short as possible t o minimise 
the time r e q u i r e d f o r mixing. I n the low acetone pressure runs only 
a minute or two was needed f o r mixing (as i n d i c a t e d by the measured 
l i g h t easdssion e f f i c i e n c y ) t o be complete. Up t o twenty minutes was 
allowed f o r the highest acetone pressures. 
Experimental Proceedure. 
The technique f o r a t y p i c a l measurement using a mixture of 
acetone and oxygen was as f o l l o w s : 
The e l e c t r o n i c s side of the apparatus was switched on and 
allowed t o "warm up" f o r a t l e a s t h a l f an hour. This included the 
lamp which needed t o be primed by b r i n g i n g the discharge from a l e a k 
t e s t i n g c o i l close t o the quartz envelope before i t would s t r i k e . 
The discharge was kept a few centimeters away from the envelope t o avoid 
p u n c t u r i n g i t . As soon as the lamp was l i t the sector motor was 
s t a r t e d since the sector blades had a c o o l i n g e f f e c t on the lamp and 
39. 
the lamp must, o f course, be brought t o a stable o p e r a t i n g c o n d i t i o n 
w i t h the c o o l i n g operating i n the same way throughput the experiment. 
With the i n p u t t o the synchronous a m p l i f i e r removed from the 
1008 output and grounded, VR^ (see fig.jgp) was adjusted t o balance the 
synchronous a m p l i f i e r i t s e l f . Restoring the connection t o the 1008 
output, and w i t h the s h u t t e r of f i g . (1) i n place t o exclude l i g h t 
from p h o t o c e l l B and the p h o t o m u l t i p l i e r , the s i g n a l due t o the photo-
m u l t i p l i e r dark c u r r e n t was balanced out using the potentiometer. 
With the c e l l evacuated the s h u t t e r was now removed. A small reading 
on the galvanometer was u s u a l l y noted , due t o l i g h t s c a t t e r e d from 
w i t h i n the c e l l and the oven and t h i s too was balanced out using the 
potentiometer. The potentiometer reading necessary t o balance out 
both the p h o t o m u l t i p l i e r dark c u r r e n t and the e f f e c t on l i g h t s c a t t e r 
must be subtracted from a l l subsequent emission readings: i t was 
much l e s s than 1% of the acetone emission s i g n a l a t room temperature 
but a t higher temperatures the c o r r e c t i o n , of course, became more 
important. 
When acetone alone was used i t was introduced i n t o the c e l l 
by a l l o w i n g i t t o eicape past T^ w i t h and T^ closed u n t i l the 
r e q u i s i t e pressure, as measured by M was obtained. The acetone was 
l e f t f o r a few minutes t o a t t a i n the temperature of the c e l l , then 
the s h u t t e r was r a i s e d and a reading was taken. The s h u t t e r was then 
lowered and the acetone discarded by opening T^. 
To introduce a known mixture of oxygen and acetone t o the 
evacuated c e l l , the oxygen, which was always a t a much lower pressure 
i n the c e l l than acetone, was introduced f i r s t by means of T^. 
'40. 
For the low pressures of the synthetic oxygen mixture which were 
needed i t was found easier to keep a f a i r l y low pressure between 
T^ and S., so that a r e l a t i v e l y low pressure difference existed across 
which could be used to make small increases i n the manometer 
reading u n t i l the requisite pressure was obtained. was used to 
top up the pressure i n the volume T^ T_, S when i t became depleted. 
The acetone was introduced a f t e r the oxygen by opening c a r e f u l l y 
and l e t t i n g acetone excape past i t i n t o the c e l l u n t i l the required 
t o t a l pressure was obtained. 
I t had been thought,that t h i s procedure might lead to the . 
contamination of the acetone reservoir with oxygen,vapour. However, 
usage proved that t h i s did not occur and the i n i t i a l method of 
introducing the acetone f i r s t and freezing i t down i n a cold finger 
before introducing the oxygen was discontinued. Mixing was found to 
be quicker when the acetone was not frozen down and dispensing with 
the cold finger reduced the volume i n which the gases had to mix. 
For a series of f u l l y quenched readings, volume T^ & 
was f i l l e d with pure oxygen which was used instead of the synthetic 
mixture in R. This served both to conserve the mixture i n R and to 
reduce mixing times. The exact oxygen pressure was not c r i t i c a l 
f o r f u l l y quenched readings. 
The effect of change of incident i n t e n s i t y on the results 
obtained could be studied by both a l t e r i n g the power dissipation of / 
the lamp and by interposing various gauges of wire gauze i n the 
incident l i g h t beam. The maximum effect of these measures was to 
reduce the incident i n t e n s i t y by a factor of two. 
Xenon - Acetone Measurements. . ••: 
The effec t of xenon on the l i g h t emission of acetone was 
studied using apparatus i d e n t i c a l with that used f o r the oxygen 
acetone measurements except that R i n f i g . (5) was replaced by the 
xenon p h i a l . The phial was:mounted behind two taps to ensure 
- a. against leakage i n t o the xenon when the apparatus contained an 
atmosphere of a i r (as i t did for instance when was re-greased). 
The volume between T^ and S was evacuated and used to introduce 
xenon i n t o the c e l l i n exactly the same way as i n the oxygen case. 
No d i f f i c u l t y was encountered i n measuring the xenon pressures used 
as pressures of several cms*£ Hg. were used i n each case. 
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Acetone - Iodine System. 
The r e a c t i v i t y of iodine, notably towards hydrocarbon 
grease and mercury, makes i t s use i n a vacuum system especially 
d i f f i c u l t . A solution to t h i s problem used previously i n t h i s 
laboratory, was to construct a tapless portion of the apparatus 
which could be detatched from the main apparatus before the iodine 
was released by means of a break-seal. This technique, although 
sound, i s rather time consuming i n that each reading requires a 
considerable amount of glass blowing and the p r i o r preparation of 
a care f u l l y measured amount of iodine. 
The effect of iodine on silicone grease was investigated 
and the rate of attack was found to be slow at room temperature -
several days elapsed before any sign of reaction was observed. 
Above 100°C attack was quicker but i n a l l cases i t appeared that 
the iodine dissolved i n the silicone grease without causing 
breakdown i n the grease. I n view of these results i t was decided 
to introduce the iodine i n t o the c e l l by means of a pyrex tap using 
silicone grease as the lubr i c a n t . 
The apparatus f o r f i l l i n g the c e l l as modified f o r the 
acetone/iodine measurements, i s shown i n fig. ( 6 ) and fi g . ( 7 ) « 
i s the acetone reservoir, i s a 5 l i t r e f l a s k . 
To reduce the actual mixing time which had been encountered 
i n the oxygen/acetone system, a convection mixing heater was fixed 
to the c e l l portion of the apparatus. This i s shown i n f i g . ( 7 ) - One 
limb of the convection mixer was heated to 120°C by a supplementary 
heating c o i l , The c e l l was heated by the oven described previously 
^3. 
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i n the acetone/oxygen section and a l l the connecting tubes and the 
taps T_ and T enclosed i n the dotted l i n e i n fig. ( 6 ) were heated 
by electrothermal tapes wrapped round them. Glass tape was used as 
extra insulation and a l l the tubes were wrapped with aluminium f o i l 
and copper wire to ensure that no cold spots were l e f t . 
The iodine reservoir was contained i n a large c y l i n d r i c a l 
aluminium block 15 cms i n diameter. The tube containing the iodine 
sat i n a hole bored 7 cms int o the block. Two similar holes contained 
an N.P.L. calibrated thermometer and a contact thermometer. The 
contact thermometer controlled the current through an Edwards mercury 
pump heating s t r i p wrapped round the side of the aluminium cylinder. 
The 250 v o l t output from the contact thermometer control was taken to 
a transformer .and the 80 v o l t s output from the transformer was used 
for the heater. A 6l ohms rheostat connected i n series with the 
350 ohms of the heater could be adjusted so that , with the top and 
sides of the block heavily lagged, the periods when the heating 
current was "on" and " o f f " were approximately equal. 
A copper pipe 6" long and l - j j r " i n diameter was screwed i n t o 
the bottom of the block. This pipe could either be heated with a 
small gas flame or cooled i n a cooling bath to effect large changes 
i n the temperature of the reservoir f a i r l y r a p i d l y . Pulped asbestos 
f i b r e was used to insulate the top of the aluminium block. When wet 
t h i s material could be b u i l t up round the heating tape on the tube 
from the iodine reservoir to provide good insulation at the point where 
the heating tape stopped. 
The contact thermometer kept the temperature of the 
aluminium block constant to within 0.1°C at temperatures above 
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room temperature. The contact thermometer could not be used fo r 
temperatures below room temperature but with a l i t t l e practice i t 
was found to be possible to keep the temperature constant to t 0.1°C 
by judicious use of the cooling mixture applied p e r i o d i c a l l y to the 
copper tube. 
The holes containing the two thermometers and the iodine 
reservoir were situated close to the centre of the block within 3 cms 
of each other. Each hole was a close f i t f o r the glass tube s i t t i n g 
i n i t so .that the thermal contact was good. 
Acetone was introduced i n t o the c e l l at the. desired pressure 
by f i r s t f i l l i n g the volume T^, R^T^ to the correct pressure as 
measured by M. The volume T^, R.,, ^ s s o i ^ g e compared to the 
volume of the c e l l that the acetone could then be introduced in t o the 
c e l l by momentarily opening (with T^ and T^  closed) without 
appreciable change in-pressure. 
The pressure of iodine i n the c e l l was controlled by -
caref u l l y adjusting the temperature of the reservoir containing the 
iodine which was always maintained as the coldest part of the system. 
A graph r e l a t i n g vapour pressure of iodine to temperature was 
constructed using the formula (46). 
log P = 20.75878 - (2986.21241) T" 1 - 40.847264 x 
w"? _6 . ld~JT + 42,66239 x 1(D~ T where T = degrees absolute. 
From the graph constructed the pressure of iodine i n the 
c e l l could be quickly calculated at any given temperature. A 
va r i a t i o n of 0.2°C i n temperature gave an error, of less than 1$ i n 
iodine pressure. The temperature was kept constant to jj 0.1°C. 
The taps were maintained at about 60°C which ensured that they were 
a t a l l times warmer than the iodine reservoir and the rate of iodine 
attack on the tap grease was quite low. 
A t e s t was made to measure the time required f o r iodine vapour 
to reach i t s equilibrium pressure under conditions of temperature and 
volume similar to those to be used i n the actual experiments. An 
approximate r e p l i c a of the quartz c e l l and i t s side arms was constructed 
i n pyrex with a tube leading to an iodine reservoir as i n the finished 
apparatus. This pyrex c e l l was placed i n a Unicam spectrophotometer 
and the time required for iodine vapour to f i l l the evacuated c e l l 
portion a f t e r the tap to the reservoir was opened was noted. I t was 
found that equilibrium was reached i n less than 15 seconds with the 
reservoir dipping in t o a beaker of water at room temperature. Thus 
the two minutes which was subsequently used on the actual apparatus 
for equilibrium to be reached was known to be s u f f i c i e n t . 
I n a t y p i c a l experiment using an iodine/acetone mixture the 
iodine was introduced f i r s t , through the two-way tap T^. With T^  
closed the two-way tap was opened momentarily to f i l l the c e l l 
with acetone at a pressure indicated by M. Two minutes were allowed 
for mixing of the components then the shutter was raised and a reading 
was taken. At the pressures used mixing always occurred i n less than 
two minutes. Attempts to estimate the mixing time on the apparatus 
f a i l e d because i t was less than the response time of the galvanometer. 
After prolonged usage the silicone grease on the tap T^  
developed a l i g h t brown colour apparently due either to reaction with 
iodine or by iodine dissolving i n the s i l i c o n e . I t was essential to 
check that the int e r a c t i o n of the iodine and the silicone grease did 
not produce a v o l a t i l e species which would quench the fluorescence/ 
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phosphorescence emission. This was done by checking at regular 
i n t e r v a l s throughout the whole course of.the acetone/iodine 
experiments that the l i g h t emission from pure acetone i n the c e l l was 
the same as that measured at the s t a r t of the experiments i . e . before 
iodine was introduced. The usual procedure a f t e r having made a 
measurement using an acetone/iodine mixture was to evacuate the c e l l 
through T^ to cold traps. The emission of a known pressure of pure 
acetone was then measured as a check that a l l the iodine had been 
removed before another acetone/iodine mixture was made up and 
measured.' 
In the course of modifying the apparatus f o r use with 
iodine the photomultiplier was enclosed i n a l i g h t - t i g h t metal box 
so as to reduce the correction- necessary due to dark current from the 
photomultiplier. When measurements were subsequently taken at the 
higher temperatures the a i r inside the box became hot and caused a 
ri s e i n the background reading on the photomultiplier as i t became 
warm. To eliminate t h i s effect extra water cooling c o i l s were f i t t e d 
to the photomultiplier. 
At ths beginning of the iodine series of runs the c e l l was 
dismantled-from the apparatus, cleaned and replaced. The subsequent 
re-alignment increased the s e n s i t i v i t y of- the measurements by 
increasing the amount of emitted l i g h t reaching the photomultiplier 
cathode from the c e l l . 
C. Methyl Iodide Quantum Yields. 
Introduction. 
I n order to c l a r i f y and describe more f u l l y the primary steps 
i n the photolysis of acetone i t i s necessary to use and explain the 
quantum yields of the species produced as well as account f o r the 
mechanism of l i g h t emission. A complete understanding of the 
mechanism would allow the scheme to be produced which accounts 
similtaneously f o r both l i g h t emission and quantum y i e l d r e s u l t s . 
At the end of the series of measurements of l i g h t emission results i t 
was decided to confirm and extend the work which had been done on the 
formation of methyl iodide i n acetone/iodine photolysis as t h i s data 
seemed most l i k e l y to be of use i n devising, i n conjunction with the 
l i g h t emission r e s u l t s , a comprehensive account of the important 
steps i n the photolysis of acetone. 
In order to measure the quantum y i e l d of methyl iodide 
( X QJJ j ) i t i s necessary to measure^ratio of the number of moles 
3 
A 
of methyl iodine formed to the number of quanta absorbed. The number 
of quanta absorbed i n the photolysis of pure acetone above 100°C can 
be measured by measuring the y i e l d of CO. However i n the case of the 
photolysis of iodine/acetone mixtures the iodine has been shown (4) 
to i n t e r f e r e r a d i c a l l y with the production of CO and so . i t i s not 
possible to use CO production as an actinometric standard. I t i s 
necessary to determine the number of quanta absorbed i n the photolysis 
of iodine/acetone mixtures by performing a separate experiment under 
the same conditions to measure the production of CO from pure acetone. 
I t was decided to measure the amount of methyl iodide 
formed by a radiochemical technique using I ^ ^ i n the photolysis and 
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measuring the amount of methyl iodide produced by counting the 
radioactive methyl iodide formed and comparing i t with an ^•^^ standard. 
I n order to apply t h i s a n a l y t i c a l approach i t was necessary to prepare 
J.^^" and to establish, i n preliminary experiments, a technique for the 
separation of methyl iodide from a l l other photolysis products which 
contain I ^ \ 
151 The preparation of I ^ 
I " * " ^ was available as a solution of N a l ^ ^ i n thiosulphate. 
I t was necessary to convert the active iodide i n t o elemental iodine 
131 
and introduce a known amount of elemental iodine, labelled with 1^ 
i n t o the photolysis c e l l . I t was decided to use the technique which 
has been used previously (39i 32) of preparing active palladous 
iodide which can be decomposed by heat to give elemental iodine. 
c|*-
I " Pd I 2 —> Pd+ % ' 
This technique has the advantage that the elemental iodine 
131 
i s labelled with I and at the same time a-known mass of elemental 
iodine i s introduced i n t o the photolysis c e l l . 
Active palladous iodide was prepared by p r e c i p i t a t i o n from 
a 1$ solution of palladous chloride (Johnson, Matthey and Co. Ltd.) i n 
1% aqueous hydrochloric acid." Active potassium iodide, prepared by 
the addition of a calculated amount of potassium iodide c a r r i e r 
131 
solution to carrier free I (Radiochemical Centre, Amersham), was 
.added as a 1% solution and the r e s u l t i n g p recipitate was allowed to 
stand overnight before centrifuging. ( S l i g h t l y less than the 
calculated equivalent of potassium iodide was added so that no iodide 
was l e f t i n solution^ Iodine ions l e f t i n solution would represent 
both a waste of active iodine and a potential health hazard. After 
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several washings with N hydrochloric acid, the precipitate was 
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dried i n an oven at 100 C and stored i n a closed vessel i n an 
enclosure b u i l t from lead bricks. 10 mgj of palladous iodide was 
calculated to give a pressure of approximately 1 mm of iodine i n the 
reaction vessel at 100°C. The required amount was weighed out i n the 
thimble A f i g . ( 8 ) which was then glass-blown i n t o position. With U 
imersed i n l i q u i d a i r the apparatus was pumped to a high volumo. The 
constrictions v/ere degassed by heating with the hand torch then 
was sealed o f f . B was then immersed i n l i q u i d a i r and the palladous 
iodide was decomposed by heating A. was then sealed and the p h i a l 
drawn o f f . The sinter S (No.l) ensured that flakes of palladium were not 
carried through to B with the iodine. 
Preliminary Experiments. 
Preliminary experiments were performed to establish a 
technique to separate methyl iodide from the other iodine containing 
products i n the iodine-acetone system. From previously reported work 
on t h i s system 5i 6, 7 ? 8) i t seemed l i k e l y that the products are 
methyl iodide and acetyl iodide. Acetyl iodide i s unstable (several 
attempts to determine i t have reported non-reproducible results) but 
i t does not break down to give methyl radicals Thus i t seemed 
probable that a f t e r photolysis the iodine would be present as either 
molecular iodine, methyl iodide, acetyl iodide or hydrogen iodide. 
Of these only methyl iodide would not be expected to be strongly 
absorbed by alumina. 
Apparatus used. 
(1) Chromatography apparatus. The construction of the 
chromatography apparatus, which used argon as the c a r r i e r gas and a 
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radioactive detector head w i l l be described i n Appendix 2. I n t h i s 
anplication i t w=s used simply as a q u a l i t a t i v e a n a l y t i c a l t o o l . 
(2) The i r r a d i a t i o n apparatus. I n the preliminary experiments 
the i r r a d i a t i o n c e l l was a c y l i n d r i c a l quartz flask with a B19 socket 
neck. A pyrex stopcock with a B19 cone on each end served both as a 
stopper f o r the flask and as a connecting device f o r attaching the 
flask to a gas handling system. 
(3) Radioactivity counter. The counter used i n the preliminary 
experiments was exactly the same as f o r the main measurements and w i l l 
be described l a t e r . 
Experiments. 
I n the preliminary experiments mixtures of acetone (about 
200 cms pressure) and iodine (about 1 mm pressure) were exposed to 
the u.v. lamp fo r periods of up to one hour at 100°C. For those 
e 
ir r a d i a t i o n s the dichromatic f i l t e r was omitted to increase the 
i n t e n s i t y of the incident l i g h t . After i r r a d i a t i o n the flask was 
transferred to a vacuum l i n e and the contents were frozen down i n t o a 
thimble of 5 m m. bore glass tube. The glass tube was cut and a 
rubber bung was inserted. The contents of the thimble Were warmed 
by the heat of the hand and as soon as they were l i q u i d a sample was 
injected onto the column of the vapour phase chromatography,, apparatus. 
Using an 8 f t colmn of 30-60 mesh f i r e b r i c k (diameter 1 cm) loaded with 
40# by weight of t r i c r e s y l phosphate, the column was run at 90°C with 
a flow rate of 40 cc of argon per minute. The sample from the 
i r r a d i a t i o n gave three peaks. 
Synthetic mixtures of acetone and methyl iodide were passed 
through the column under the same experimental conditions as outlined 
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above and from a comparison of retention time two of the three peaks 
found i n the analysis of the products of the acetone/iodine mixture 
were i d e n t i f i e d as acetone and methyl iodide. The other peak \ 
which occurred immediately a f t e r the a i r peak was ascribed to hydrogen 
iodide. No trace of iodine was found - i t having either been 
absorbed strongly by the stationary phase or. i t reacted, with the 
f i r e b r i c k . 
The.irradiation was repeated and the products were passed 
through a 20 cm long alumina column, 5 cm bore, before being put on 
• the chromatography column. No peak ascribed to hydrogen iodide was 
found i n t h i s case, the only two peaks formed being those corresponding 
to acetone and methyl iodide. 
To establish that alumina i s e f f i c i e n t i n absorbing iodine 
a mixture of acetone vapour and. iodine containing was passed 
through the alumina column. A l l the a c t i v i t y was retained i n the 
column. 
To establish that acetyl iodide does not pass through an 
alumina column an aliquot of the photolysed mixture was taken from 
the solution which was counted a f t e r passing through the alumina. 
The sample taken was passed through the chromatography column, 
collected i n a cold trap and re-counted. No loss Of a c t i v i t y was 
found. This experiment eliminated the p o s s i b i l i t y that acetyl iodide 
could be passed by the alumina column but retained by the chromatography 
column. 
:The degree to which methyl iodide i s retained by alumina 
was studied i n preliminary experiments by photolysing a mixture of 
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alumina column and then counted i n the s c i n t i l l a t i o n counter 
(see l a t e r f o r counting technique). The products were then passed 
several times through the column and counted a f t e r each operation 
i n a similar container. The count remained constant throughout, 
demonstrating that methyl iodide i s not retained by alumina. 
Attempts to remove a c t i v i t y from the column by prolonged 
evacuation and passing a i r through i t f a i l e d ; thus i t was established 
that of the reaction products containing iodine i n the photolysis of 
acetone/iodine mixtures, methyl iodide i s the only iodine containing 
molecule not retained .by an alumina column. 
Experimental Procedure i n Preparing a Sample for I r r a d i a t i o n . 
The procedure f o r preparation of a known mixture of acetone 
and.iodine w i l l be described; the procedure when iodine was omitted 
i s then obvious. 
The reaction vessel R.V. fig. ( 9 ) was car e f u l l y cleaned by 
f i l l i n g i t with a chromic - sulphuric acid mixture before each 
i r r a d i a t i o n . The cleaning mixture was removed completely by about 
f i f t e e n successive washings with about ^OOccs of d i s t i l l e d water, 
p a r t i c u l a r attention being paid to the side arm section. Rapid 
removal of washing water from the c e l l was achieved with the aid of 
a water pump. 
The apparatus to the r i g h t of fig. ( 9 ) was then assembled. 
The active iodine was prepared as previously described. The c e l l was 
evacuated, special attention being paid to removing a l l residual water, 
and the cut-off V~ V, raised to isolate the c e l l from the main vacuum 
l i n e . Acetone was then introduced i n t o the c e l l from R^  u n t i l the 
53. 
required pressure was registered by M. was constructed 
e s p e c i a l l y so that one touch of the flame from the hand torch was 
s u f f i c i e n t to enable i t to be sealed and drawn off. Hie volume 
between and was kept constant i n each run and the amount of 
acetone f i n a l l y contained i n the c e l l could be calculated from a 
knowledge of t h i s volume. Any error i n the estimation of t h i s volume 
(about 35ccs) was small compared to the volume of the reaction c e l l 
(66^1). With CL drawn off the acetone was condensed i n the side .5 
arm T and the valve was closed by removing the magnet which held 
i t open. 
The break-seal X was opened by dropping on i t a plunger 
constructed from soft iron encased i n pyrex. The iodine liberated 
was condensed on the lower, end of the vessel which was cooled i n 
l i q u i d a i r . was then drawn off. 
The iodine was vapourised f i r s t by running warm water 
over the main body of the c e l l . When a l l the iodine was vapourised 
the acetone was allowed to warm up and the vapour pushed past 
to mix with the iodine vapour. In t h i s way the p o s s i b i l i t y of 
reaction between l i q u i d acetone and iodine was eliminated. 
The vessel was cleaned externally with a dilute soap 
solution, s p e c i a l attention being given to the removal of grease 
from the end windows. I t was then dried, polished and transferred 
to the i r r a d i a t i o n oven. 
I r r a d i a t i o n . 
The optical bench and furnace used were exactly the same 
as used by Brown and modified by Mitchell (29, 32) and w i l l not be 
described here. 
5^. 
The lamp-filter combination employed i n the.light emission 
experiments was again used. The l i g h t from the lamp passed through a 
200cc spherical quartz f l a s k f i l l e d with d i s t i l l e d water. The position 
of t h i s f l a s k was adjusted u n t i l a nearly p a r a l l e l beam was obtained 
through the c e l l . The shutter was placed between the f l a s k s and the 
f i l t e r system. The f i l t e r system was thermally insulated by .being 
separated from,the quartz window of the oven by an a i r gap of 2 cm. 
The reaction vessel lay horizontally i n the oven on the two glass 
covered metal bars and was e f f e c t i v e l y f i l l e d by the u.v. beam. The 
c e l l consisted of a cylinder 2k cms long and 6 cms external diameter 
with p l a i n polished ends. The side arm was connected to i t by a 
quartz-pyrex s e a l . 
Previous workers having reported s l i g h t v a r i a t i o n i n 
i n t e n s i t y of the lamp output, .so i t was decided to construct a 
constant current supply* The basic c i r c u i t for t h i s was taken from 
that given by E l l i o t and Radley (V?). A s l i g h t modification was 
introduced to prevent damage to the relay contacts by the high 
current when the arc was struck.• This consisted of an extra 
resistance i n the lamp c i r c u i t which was shorted out by another relay 
when the lamp began to warm up. This device gave a reproducible 
constant current of 0.6 amps. 
The transmitted beam was measured by a. selenium b a r r i e r -
layer photocell (Evans Electro Selenium Ltd.) placed one centimeter 
from the rear face of the furnace. This photocell has been shown 
(29) to give an output current which i s d i r e c t l y proportional to 
the indicent l i g h t energy when the resistance i n the c i r c u i t i s l e s s 
than 200 ohms. I t was connected d i r e c t l y across a Unipivot 
micrometer (basic movement lllohms). The photocell was mounted 
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on a chair and could be placed about one centimeter from the 
furnace window i n an accurately reproducible position. 
I r r a d i a t i o n Procedure* 
The f i l t e r solutions were inspected before each run. 
The potassium chromate and the n i c k e l sulphate solutions never showed 
signs of deterioration but the chromate was replaced for each 
i r r a d i a t i o n because the transmitted spectrum i s p a r t i c u l a r l y dependent 
on.the strength and purity of t h i s component. 
The lamp was switched on at l e a s t h a l f an hour before 
i r r a d i a t i o n i n order to warm up. 
The chromate f i l t e r c e l l and the photocell both tended to 
warm up s l i g h t l y i f l e f t i n position close to the furnace at 100°C. 
This caused a drop i n i n t e n s i t y of l i g h t passed by the chromate of 
about 2% a f t e r three hours and a drop i n the e f f i c i e n c y of the 
photocell of the same order i n the same time. To eliminate t h i s 
e f f e c t the chromate c e l l and the photocell were not placed i n position 
close to the furnace u n t i l j u s t before an i r r a d i a t i o n was commenced. 
In the longest i r r a d i a t i o n s (30 minutes) no appreciable f a l l i n 
i n t e n s i t y was noted. Light, other than the u.v; transmitted through 
the c e l l , was prevented from reaching the photocell by means of an 
opaque cloth which enclosed the v/hole of the. photocell end of the 
apparatus. 
When the reaction c e l l was transferred to the oven at 100°C, 
the temperature, as recorded by a thermometer inserted into the oven, 
returned to 100°C i n about 15 minutes. A further 30 minutes was 
allowed before an i r r a d i a t i o n was commenced to ensure that the c e l l 
and the whole of i t s contents had attained that temperature. The 
temperature of the oven was constant to within 1°C. 
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At the end of an i r r a d i a t i o n the lamp was switched off 
and the reaction c e l l transferred to the a n a l y t i c a l apparatus. 
Analysis. 
Carbon Monoxide Analysis from Pure Acetone I r r a d i a t i o n s . 
The photolysis of - pure acetone at 120°C can be used as an 
actinometric standard. Analysis of the amount of carbon monoxide 
produced enables the number of quanta absorbed to be calculated since 
one molecule of carbon monoxide i s produced for each quantum absorbed. 
The amount of carbon monoxide produced was measured by measuring the 
volume of non-condensable gases then oxidising the CO to CC^. The 
CO2 was condensed by a cold trap and the volume of the remaining gases 
was measured so that the amount of carbon monoxide could be calculated 
by difference. Iodine pentoxide was used for the oxidation of the 
carbon monoxide. At a temperature of l'tC^C the reaction 
I 2 0 5 + 5 CO = i 2 + 5 co2, 
proceeds rapidly. Neither methane nor ethane i s attacked at t h i s 
temperature. 
Materials used*. 
The iodine pentoxide was "analar" grade which was dried by 
heating at 200°C for two days before use. When f i r s t used i t gave 
off a gas which was condensable. This gas was probably water vapour. 
After pumping for one day at lV?°C the gas ceased to be given off and 
a good vacuum could be maintained. 
Apparatus. 
The apparatus used i s shown i n f i g . (10). The U rube U,, 
was packed with granules of iodine peritoxide. Each end of the U tube 
was packed with s i l v e r gauze to remove libe r a t e d iodine. The 
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temperature of was maintained at l*f5°C * 1°C by means of e l e c t r o -
thermal tape controlled by a SunvicK Energy Regulator (type TYB). 
The length of the tube G (fig.10 i n s e t ) was marked at three distances 
approximately 3 cms, 6 cms and 9 cms from V^. Before the apparatus' 
was constructed the volume between each of the marks and (with the 
b a l l seated) was measured by weighing with mercury i n the usual way. 
Procedure. 
Preliminary experiments with samples of pure carbon monoxide 
and methane introduced v i a T^ established that at l ' f ^ C a sample of 
about 10 micromoles of carbon monoxide was completely oxidised i n 90 
minutes by the c i r c u l a t i o n technique to be described l a t e r . 
Approximately the same amount of methane was unaffected after. 150 
minutes using the same technique. In the actual measurements of the 
amount of carbon monoxide produced i n the photolysis of pure acetone, 
T^, T^ and 1^ (fig.10) were closed and the c e l l was joined to the 
vacuum l i n e by means of a Bl*t j o i n t at J . 1^ was then opened and the 
apparatus pumped down to a high vacuum. Liquid a i r traps were then 
placed round D and B and the seal (fig.9) was broken. For the 
higher pressures of acetone the bottom of the c e l l was cooled i n 
l i q u i d a i r to reduce the vapour pressure i n the c e l l before w a s 
broken. As the c e l l warmed up the acetone transferred to D and B 
( f i g . l $ ) slowly, thus ensuring that no acetone escaped past these traps. 
Non-condensable gases were transferred to the section to 
the l e f t of T^ by means of the Toepler pump. A s e a l was made at 
by means of a b a l l bearing held down to a ground seal by 10-15 cms, 
head of mercury. A similar seal at but with a head of only 1 or 
2 cms. of mercury acted as a non-return valve. The seals were seated 
with the help of a magnet. About 30 strokes were usually needed to 
transfer the non-condensable gases into the section between 
V 1 and V 2. 
The amount of gas i n G was determined by measuring the 
pressure of a known volume. By using the calibrated volumes 
s e l e c t i v e l y a large pressure difference ( i . e . several centimeters) 
could be obtained for measurement with a cathetometer. The correction 
for surface tension made by measuring the heights of the menisci and 
using the formula i n the I.C.T. was usually found to be negligible 
because the meniscus heights were of nearly the same si z e and the 
pressure difference was always i n the region of a few centimeters. 
The gas was then c i r c u l a t e d slowly through the iodine 
pentoxide, carbon dioxide being condensed out by immersing i n 
l i q u i d a i r . Using as a non-return valve the gas was c i r c u l a t e d 
for two hours. 
After complete oxidation of the CO the non-condensable 
fracti o n was collected i n G and i t s pressure measured again. The 
amount of carbon monoxide o r i g i n a l l y present was found by subraction. 
This method gave more consistent (and smaller) r e s u l t s than the 
d i r e c t measurement of the CO^ formed. The discrepancy between the 
two readings can probably be attributed to water vapour coming off 
the iodine pentoxide or condensable material from the tap grease. 
Methyl Iodide. 
No Bl*f j o i n t was attached to the c e l l for acetone/iodine 
runs. A soft iron plunger enclosed i n glass was placed i n X,, 
(see fig.9) and the c e l l was glass-blown onto the analysis l i n e a t 
Y. (fig.10). The counting tube (to be described l a t e r ) was attached 
a t J by a Blh j o i n t and, with T^ shut T,. and T^ were opened and 
the apparatus evacuated. 
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Liquid a i r traps were placed round D and B then the plunger 
was raised with a magnet and dropped to open X,,. The contents of the 
c e l l passed into which was a U tube 20 cms. i n length containing 
aluminium oxide. Products not stopped by the alumina were either 
condensed i n D and B (methyl iodide and acetone) or pumped away 
(a l i t t l e CO perhaps). 
The drawn out limb at Z was broken when the c e l l was highly 
evacuated and the c e l l allowed to f i l l with a i r before i t was sealed 
again. The c e l l was again evacuated through the alumina column. 
This l a s t operation ensured that no methyl iodide was l e f t on the 
column but a l l was transferred to D or B. 
To transfer the contents of D and B to the counting tube 
(C.T), T^ was closed and, when a high vacuum was obtained, was 
closed, (fig.10). The l i q u i d a i r was removed from D and B and a 
l i q u i d a i r trap placed round C.T. When the contents of D and B had 
d i s t i l l e d into C.T. the tap T^ was closed and the counting tube 
removed from the apparatus at J . Acetone was poured into the open 
limb of the counting tube and T^ opened so that i t f i l l e d the tube 
to a fixed mark. The tube was then warmed to room temperature and 
shaken vigorously to mix the contents before they were counted. 
Counting Technique. 
The counting tubes, (fig.10) were constructed from a thin 
walled pyrex t e s t tube of diameter 15 mm. They f i t t e d snugly into a 
sodium iodide w e l l - c r y s t a l s c i n t i l l a t i o n counter through a hole of 
15 mm clearance in the roof of the lead c a s t l e . 
Highly s t a b i l i s e d H.T. was applied to the photomultiplier 
from 1007 type potentiometer. The output from the photomultiplier was 
60. 
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amplified by a head amplifier and a l i n e a r pulse amplifier. Before 
recording on the scaler the pulses passed through a pulse analyser, 
(type N101), the window of which was centred on the 0.33 Mev I " ' " ^ 
photopeak. 
The counting apparatus was used purely to make comparative 
measurements (see below) and the active solutions to be compared were 
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always counted close enough together i n time so that decay of the I 
( t ^ = 8 days) was negligible. 
Preparation of a Standard 1^^* solution, ( f i g . 1 1 ) . 
The palladous iodide used to prepare the standard was the 
same source as that prepared and used for the iodine used i n the 
acetone/iodine photolysis. The preparation of a standard of known 
iodine content and of the same s p e c i f i c a c t i v i t y as.the iodine used i n 
the photolysis experiments, enables the amount of methyl iodide 
collected i n the analysis to be determined by simple comparative 
measurements. The amount of active palladous iodide needed to give a 
solution of approximately the same a c t i v i t y as expected for the methyl 
iodide solution was calculated from Sutton's r e s u l t s . Twenty f i v e 
times t h i s amount was weighed i n a tube on a semimicro balance and 
fixed below s i n t e r S (No.l), by glass blowing. With U immersed i n 
l i q u i d a i r T^ and were opened and the apparatus evacuated to a high 
vacuum. T^( was closed and with the counting tube C.T. immersed i n 
l i q u i d a i r the palladous iodide was heated with the hand torch. The 
iodine was condensed rapidly i n C.T. there being l i t t l e time for i t to 
react or dissolve i n the s i l i c o n e grease on the taps. 
Wh'en a l l the palladous iodide was decomposed T^was closed 
and the counting tube removed from the apparatus at the j o i n t B l ^ . 
The iodine was transferred into a 250cc graduated f l a s k by repeated 
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washings (about 15) with lOcc portions of acetone. The solution i n 
the f l a s k was then made up to the mark and shaken well. Acetone from 
the graduated f l a s k was poured into the open limb of C.T. and T^was 
opened c a r e f u l l y u n t i l the l e v e l i n the counting tube reached the lOcc 
l e v e l mark placed on C.T. The fixed mark on a l l the counting tubes 
i . e . the standard and those which contained methyl iodide, was at 
exactly the same l e v e l . 
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The standard I solution was to be kept for a period of 
weeks ( u n t i l a l l the palladous iodide source was used i n photolysis 
experiments or the a c t i v i t y became too low to count) so the constriction 
C was .sealed off to eliminate any p o s s i b i l i t y of"slow reaction between 
the iodine solution and s i l i c o n e grease. The standard solution thus 
contained a known amount of iodine i n the same volume of solution with 
the same geometry as the active methyl iodide solutions. The amount 
of iodine i n the methyl iodide'solutions could then be e a s i l y determined 
by comparative counting of the two solutions. 
Health Aspects. 
Health hazards i n these experiments can be ascribed to 
(1) the possible harmful e f f e c t s of u.v. on the eyes 
131 
(2) the radio-active hazard of using I . . 
A l l experiments were conducted i n the open laboratory 
(as opposed to a room which could be evacuated during an i r r a d i a t i o n ) 
so i t was necessary to shi e l d the lamp at a l l times. This was 
accomplished with a metal box. When the lamp had to be run with 
the box removed (for l i n i n g up experiments) a pair of glasses opaque 
to u.v. were worn. 
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I i s a weak beta emitter (0.6l and 0.33 Mev) with gamma 
energies of 0.35 and 0.6^ Mev. The main danger to health i s ingestion 
of active material, iodine being concentrated i n the thyroid. Glass 
blowing onto the apparatus which had contained active iodine could 
not be avoided i n t h i s case and s p e c i a l precautions had to be taken. 
One of the following two-methods was employed on each occasion: 
(depending on convenience). , 
(1) The apparatus was washed thoroughly with KI solution and d i s t i l l e d 
water 
(2) Glass blowing was done through a cold trap* 
A l l active iodine residues were collected i n acetone and 
KI solutions and stored u n t i l they had decayed s u f f i c i e n t l y to be 
disposed of down the drains. 
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CHAPTER I I I . 
Light Emission Results. 
Treatment of Results. 
Let 1^ be the illuminating int e n s i t y i n the central portion 
of the c e l l which i s seen by the photomultiplier then 
• I , = 1 ( I + I J 
1 rf O t 
where I and I . are the i n t e n s i t i e s of the illumination incident on o t 
and transmitted by the c e l l respectively. T i s a constant depending 
Q 
on the geometric properties of the c e l l . I f the area viev/ed by the 
photomultiplier i s around the centre of the c e l l then T v/ould take a 
value of about 2 ( i . e . approximately the average of I and I ) but 
since i t w i l l be seen that the exact value of T i s not important, 
provided that i t remains constant, i t i s not necessary to derive a 
precise value for T 
then I = K.i (1) e m 
where I i s the emission i n t e n s i t y , i i s the current from the e m 
photomultiplier and K i s a constant, 
and I . = K'.i (2) t c 
Where i Q i s the current from the photocell and K i s another constant. 
No complication due to re-absorption of emitted l i g h t by 
acetone need be introduced as i t i s known that the emission and 
absorption spectra do not overlap. 
The emission e f f i c i e n c y i s given by 
T a 
where m I i s the t o t a l emission from the volume v i s i b l e to the T e 
6k. 
photomultipjier and ^Ta i s the t o t a l absorbed i n t e n s i t y i n the 
same volume. 
When.the area.Seen by the photbmultiplier i s small enough 
for 1^ to be taken as cbnstant over that region then 
A = I I - V 
. T I a I j . (1-1+px) 
T J a I *L* X: CO 
where x i s a cross section for absorption and p i s the 
concentration of acetone. 
Thus the emissipn e f f i c i e n c y , Q, i s given .by (3) and (*f). 
O = J — = K.dm 
Introducing 1^ from (2) 
K.im . 
ti. 
Q = T.R.im I , T.K.im 
p x K ' i d ( I t + I o ) ,= px K' i c . r + I t 
From the construction of the "potentiometer; 
i m r 
E 
T.K.fc 
1 + X, 
o. 
<4 = 
Collecting up ttie. constants 
C.r 
p.£ 
1 + s / 
I 
where € = the extinction c o - e f f i c i e n t ( x °< £ ) . 
Extinction Co-efficient Measurements. 
From the above theory the need for a knowledge of the 
value of £ at each temperature i s apparent. £ for the lamp f i l t e r 
combination used i n these experiments was measured on the apparatus i n 
the following way: 
With the photomultiplier disconnected the apparatus was 
switched on and allowed to warm up i n the usual way. The c e l l was 
f i l l e d to a known pressure of acetone and the shutter was raised so 
that transmitted l i g h t gave an output current from the photocell. 
There being no balancing current from the photomultiplier, a deflection 
was recorded on the galvanometer. The potentiometer was adjusted u n t i l 
a large deflection was obtained on the galvanometer scale and a reading 
was quickly taken. The c e l l was rapidly evacuated and the galvanometer 
deflection with no acetone i n the c e l l was taken. The r a t i o of the 
two readings gave ^~ f ° r the pressure and temperature of acetone used. 
o 
The need for haste between readings of I and I was because any change 
" C O . 
i n lamp in t e n s i t y i n that time would introduce error into the r e s u l t . 
Unlike measurements of emission e f f i c i e n c i e s which involve a 
comparison of transmitted and emitted i n t e n s i t i e s , these transmission 
i n t e n s i t y measurements are not independent of the incident i n t e n s i t y . 
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- TABLE I . 
EXTINCTION CO-EFFICIENT MEASUREMENTS. '" . 
TEMPERATURE 





5.70xl0 - 2 1 
50°C 0.782^ 0.01 =21 5.95x10 1 
70°C .,. Not.available 6.25x10"21 
100°C 0.790-0.01 6.58X10"21 • 
' 120°C . 0.791-0.01 6.92X10"21 
150°C 0.801*0.01 7.03xl0"21 
A l l values, of 1^  were measured at a pressure of 10 cms.Hg 
. •' I ~ ' .. , - • . O -• 
of acetone at 20 C. " ' - ." -
Measurements of 1^ at various acetone pressures 
o. 
at the same temperature were taken and plots of log I ^ against 
I ~ 
o 
pressure gave straight l i n e s as expected'(these r e s u l t s are not shown) 
£ could be calculated from the slopes of the l i n e s but i t was decided 67. 
to take a s e r i e s of readings at a constant acetone pressure for 
each temperature, so that an estimate of the error i n the determination 
of f t could be e a s i l y made. The r e s u l t s at 20°C, 50°C, 100°C and 150°C 
. i ; 
o 
are shown i n Table I . The r.mis. error i s shown alongside the. mean 
value for f t . I n the calculation-of £ (see below) log f t i s used, 
I I 
o • I ° 
"thus reducing the e f f e c t s of the error quoted for _ t . 
'-• I • .. o 
Typical Calculation of C (20?C). " , 
^ t • — £ c d 
We have the Beer-Lambert Lav/ ^ — = 10~ * * where c i s the 
• ° i t 
concentration and d i s the path length. From Table ( I ) — = 0.771 
o 
for 10.0 cms* acetone measured at 2Q°C. 
I . ":- .-" j 
• • l o S 1 0 - t = 1 ' 8 8 7 2 3 1 1 ( 1 - l o g 1 Q _ t = 0.1128 
*o ' "^ o 
From the equation above ^ 
. " 1 6 & L 0 ^ " 
d.'c. • 
i f d i s measured i n .cmfl. (6*0 cms. i n t h i s case) and c i s i n 
molecules/cc. , 
c = P x 273.2 x 6.023 x 1023 ; 
% ~T 22kV\ 
19 
= P x 9.663 x 1 0 7 molecules/cc 
• ; T ; ' . 
when P = pressure in" cms. "and" T = absolute temperature." " 
At 20°C and 10 cms. of acetone 
17- 3 c = 32.97 x 10 molecules/cirr 
and £ = ^ 1 1 2 8 ^ : = 5.702 x l O ^ 1 - 2 ": . 6 x .32 .97 x 10 • , cm 
molecules 
At a l l other temperatures £ was calculated i n the same 
way and the r e s u l t s are reported i n Table I . The values of £ 
c a l c u l a t e d i n t h i s way were, w i t h i n the l i m i t s of experimental 
e r r o r , c o n s i s t e n t w i t h values o f £ derived from the slopes o f 
the l o g , n , ^ t versus pressure graphs. 
1 • I 
o 
As r e p o r t e d p r e v i o u s l y by Luckey and Noyes (^9) the 
e x t i n c t i o n c o - e f f i c i e n t increases w i t h temperature but a precise 
comparison w i t h t h e i r values i s p o i n t l e s s since e x t i n c t i o n 
c o - e f f i c i e n t s can only be compared e x a c t l y when the same lamp*-
f i l t e r combination i s used. The e f f e c t o f temperature on the 
measured value of £ i n the apparatus used i n t h i s work i s shown 
g r a p h i c a l l y i n fig.(23). 
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OXYGEN-ACETONE LIGHT EMISSION RESULTS. 
P r e l i m i n a r y experiments. 
I n t e s t i n g and improving the apparatus the t o t a l emission 
from pure acetone a t v a r i o u s acetone pressures and temperatures was 
st u d i e d . When the equipment was f u l l y developed and r e f i n e d r e s u l t s 
were obtained i n s u b s t a n t i a l agreement w i t h those published by Luckey 
and Noyes (39)* These r e s u l t s are not recorded or discussed here b u t , 
i f r e q u i r e d , values o f t o t a l emission e f f i c i e n c i e s a t v a r y i n g acetone 
pressures and a t several d i f f e r e n t temperatures can be e x t r a c t e d from 
the t a b u l a t e d r e s u l t s f o r l a t e r experiments. 
C a l c u l a t i o n and t a b u l a t i o n of r e s u l t s . 
The method of c a l c u l a t i o n and t a b u l a t i o n o f the r e s u l t s can 
be i l l u s t r a t e d by reference t o Table 2^which deals w i t h r e s u l t s a t 
20°C f o r the acetone-oxygen system. The f i r s t f o u r columns l i s t the 
pressure and concentration of acetone and oxygen. The values of 
I j . i n column 5 were c a l c u l a t e d from the p r e v i o u s l y obtained value 
r ~ 
o c 
f o r t (see t a b l e 1). Column 6 i s a combination of columns 5 and 2 w i t h 
the p r e v i o u s l y determined value for £, . The corrected potentiometer 
reading was obtained as explained p r e v i o u s l y i n the chapter on 
experimental techniques and m u l t i p l i e d by column 6 t o give the t o t a l 
emission e f f i c i e n c y Q. the fluorescence e f f i c i e n c y , i s the value 
of Q when excess oxygen i s present. The assumption i s made t h a t 
oxygen i n excess removes a l l the phosphorescence but does not modify 
the fluorescence. This assumption i s j u s t i f i e d by previous work on 
l i g h t emission i n the presence of oxygen (39, 35)• ©/ the 
phosphorescence e f f i c i e n c y can then be obtained as the d i f f e r e n c e 
70. 
F i g . 12 E f f e c t o f acetone pressure on t o t a l phosphorescence 
e f f i c i e n c y 
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between Q and Q. ' q' Q* kave been t a b u l a t e d t o al l o w Stern-Volmer 
type p l o t s t o be made; these graphs w i l l be d e a l t w i t h more f u l l y 
i n due course. 
Tables 2 - 8 contain the l i g h t emission r e s u l t s f o r the 
acetone-oxygen system. The r e s u l t s are arranged according t o the 
temperature a t v/hich they were obtained except f o r Table 8 where 
r e s u l t s obtained over a range o f temperature are recorded. The 
temperature used covered the range 2Q°C up t o 150°C. 
The e f f e c t o f acetone pressure on the t o t a l phosphorescence e f f i c i e n c y . 
Fig.(12) contains data which has been e x t r a c t e d from Tables 
2 - 8 t o show the e f f e c t of temperature on the p l o t of T J J J - against 
// . 
acetone c o n c e n t r a t i o n . Q^ , i s the phosphorescence i n the absence of 
any quenching by oxygen, i o d i n e or other quenching agent. I t can be 
seen from fig.(12) t h a t a t the lowest temperature used, change i n 
acetone concentration has no detectable e f f e c t on the phosphorescence 
e f f i c i e n c y whereas a t 120°C the e f f e c t i s q u i t e marked. I t can also 
be seen from fig,(12) t h a t a t "the three temperatures (20°C, 50°C and 
120°C) where a range of acetone pressure was i n v e s t i g a t e d a l i n e a r . ;. 
r e l a t i o n s h i p a p p l i e s between and acetone c o n c e n t r a t i o n . The l i n e s 
H rp 
drawn a t 75°C, 100°C and 150°C have been estimated frbm the more 
extensive data a t other temperatures. 
The e f f e c t of acetone pressure on fluorescence e f f i c i e n c y . 
The r e s u l t s r e l a t i n g the value of - i - t o acetone pressure 
Si 
are shown i n f i g u r e s (13, 1^ , 15)* The p o i n t s c o l l e c t e d i n a s i n g l e 
set of readings are marked v/ith c i r c l e s , those marked by crosses are 
c o l l e c t e d data from other runs. No tendency f o r - ^ r t o increase w i t h 




















































































obtained i t c o n f l i c t e d w i t h what was then considered t o be the most 
r e l i a b l e data a v a i l a b l e (35)• Later work by other authors (^3) has 
confirmed t h a t ~ 7 i s independent of acetone pressure i n the range 
s t u d i e d here. 
From Table (2) i t can be seen t h a t Q i s l e s s than one t e n t h 
of the t o t a l emission e f f i c i e n c y a t 20°C. At 150°C (Table 7) when 
phosphorescence e f f i c i e n c y i s low, Q represents about 60$ of the t o t a l 
l i g h t emission. The marked e f f e c t o f temperature i s mainly due t o the 
quenching of the phosphorescence by r i s e i n temperature. I t no doubt 
accounts f o r the absence of l i g h t emission data i n the l i t e r a t u r e f o r 
temperatures above 506C. A small but c o n s i s t e n t temperature e f f e c t on 
the fluorescence e f f i c i e n c y can be seen by comparison of the r e s u l t s 
f o r - i r a t each of the temperatures i n v e s t i g a t e d . Although the r e s u l t s 
support the view t h a t - ^ r i s constant w i t h v a r y i n g acetone pressure the 
constant values o f -77- are s l i g h t l y temperature dependent. -~rr i s found 
^ Si 
t o increase as the temperature increases. For temperatures 75°C, 100°C 
and 150°C extensive —-r vs acetone pressure readings were not obtained 
but the t r e n d i s c l e a r and v / i l l be d e a l t w i t h more f u l l y i n the s e c t i o n 
'^Results a t var i o u s temperatures 1.' 
The e f f e c t of oxygen on the phosphorescence e f f i c i e n c y . 
The r e s u l t s obtained f o r the quenching e f f e c t of oxygen on 
the phosphorescence are shown i n Tables 2, 3i »^ 5» 6. The r e s u l t s are 
displayed over the range of temperature s t u d i e d i n graphs (l6,17il8i 19, 
20, 21, 22). Considering the r e s u l t s a t 20°C f i g . ( l 6 ) , i t can be seen 
t h a t a t a f i x e d acetone concentration the p l o t o f -~-77 against oxygen 
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i n c r e a s i n g acetone concentration (a 2.5 increase i n slope r e s u l t i n g 
from a * f - f o l d increase i n acetone pressure). 
The p l o t s of —rp against oxygen concentration (figs . 1 7 , 1 8 * 
19,20,21,22) show t h a t a l i n e a r r e l a t i o n s h i p i s obtained a t each 
. temperature Up t o 150°C. Comparison of graphs a t constant acetone 
con c e n t r a t i o n (2^*5 x 10 molecules/cc) shows t h a t the e f f e c t of 
r i s e i n temperature i s t o increase the slope o f the —^-w against 
oxygen c o n c e n t r a t i o n p l o t . 
RESULTS AT VARIOUS TEMPERATURES. 
The e f f e c t o f temperature change on £ the e x t i n c t i o n 
c o - e f f i c i e n t i s siown i n f i g . (23)-. The r e s u l t s used are those shown 
. i n Table 1. £ shows a steady r i s e w i t h temperature, as was observed 
by Luckey and Noyes. 
The e f f e c t of temperature on the fluorescence e f f i c i e n c y 
and the t o t a l phosphorescence e f f i c i e n c y can be s t u d i e d by s e l e c t i n g 
the r e l e v a n t f i g u r e s from those recorded p r e v i o u s l y f o r d i f f e r e n t 
temperatures. I t was decided, however, t o measure the r e q u i r e d data 
i n one run so t h a t . t h e r e s u l t s would be pore s e l f - c o n s i s t e n t than 
those obtained over a l o n g p e r i o d of time. A s e r i e s of readings was 
taken using approximately the same acetone concentrations the 
temperature being v a r i e d from 20°C.to 150°C as shown i n Table 8. 
Values of the unquenched and f u l l y quenched emission e f f i c i e n c i e s 
were taken a t each temperature and the values o f 0^ , and Q were 
' c a l c u l a t e d i n the usual way. I t can be seen from Table 8 t h a t both 
Q and are quenched by temperature but t o a g r e a t l y d i f f e r e n t 
• o *v o e x t e n t . At 150 C Q,j, i s about one - i-twentieth of i t s value a t 20 C. 
o/is only reduced by about 30$ over the same temperature range. 















An Arrhenius p l o t o f log-^Q Iv against the inverse of the 
abso.lute. temperature i s shown i n f i g . (2*t). The .point's obtained could 
not be s a i d t o f a l l unequivocably on a s t r a i g h t l i n e over the whole 
range o f temperatures s t u d i e d . 
The graph of l o g , n 1_ against' inverse temperature i s . also 
shown i n f i g . ( 2 z f ) . The. e f f e c t of.'temperature i s much le s s 
pronounced i n t h i s case. 
The e f f e c t of temperature on the other v a r i a b l e s which -
have been s t u d i e d has been-dealt w i t h under .the relevent•heading 
i n each case. ; 
• - I IT\ 
^ ITt ON 
l A fVJ CN O P^ N ON 
• • • • 
I d ft ft &N 
8 - J , 
o o £ 5 1^1 
O l rH rH 
q o q 
d d d d d 
o * -a- I\J VP -a- c^. v o 
t>- & o o 
8 R 8 8 
o o o o o 
8 
i n ON « ) o » \ o 
ON VO ON v o 
I A K> W 
o o o o 
r v j o d d d d d d d 
g o 
R R 
-3" Q i H ON CO C*- VO~ VO" J -
O N i n t X I i H i H r - f r H i H O N 
• H o d d d d d d i H 
(Vj rH rH rH rH H 









0 g g ass 
o t i . C S 
°s • 
cS 
ON VO pH r-| | f \ 
£>. C*- Cv. ftj 
i-C ( N 
ON CO <0 CO 
rH kT\ fVJ A | O C N > l / N f \ I O O N C ^ v O - 4 ' O 
£ If 




d d ' d 
^ ' 5 
O £3 K 
o 3 o 
z o j « V0 ON ON OJ rH J " CO c J ^ R f X ^ ^ J ^ S o ^ r ' o o ' ^ O N v o 
VO ( \ | *YJ -tf-
ftl <\l 1 ^ 4 IM 
ITS l A 
_ vp i r \ t r \ oo c\j rH 
o o o o o o o o o o o o 
o o o o 
if\ ITS i r \ I A 
? C ! 0 t £ • H *^ m vo 
q O O O M r i r H H i n O 




§ I N 
o w = x e 
o £3 o ? a * 
= ^  a Si 
p » E: 
g CQ < 
< os as 
- a 
q o o o 
o d d " 
o o o o o o 
o 
•a = 
o o o o o o 
o o o o 
" O ^ o o o o c o o o e o c o o o c o o O o ' 
K N ^ ^ K N ^ ^ ^ ^ ^ ^ O d \ D 








H K> fT\ 
• • » 
K> VO lT \ 
« 3 
IT l PS 
GJ 3 S 
J 1 ^ p" 
IM N 10 
r H rH 
0 0 VO rt 
H r<\ ir\ m m 
r \ l 8 r\i \ o 4 s > K \ 4 K \ CO 3 " oo I\I e o ? \ * 8 * a B * a. 
d d o d d « r l 
a * s « R 
d d o o I A 
Q KN, r H 
£ b vo i r \ 
ON CO O 
rH rH r H 






f « \ 











OO tf i N 
O VD - * NO OX CO 
n j c o j - ON rH ON r -
M H (\( H ftl 
O O O O O O o j r H 
H J H 
ON K\, ON 
- . ON rH O 
ON H H (\ l ( V 
M O >f\ i f \ VO O 
r\i c o O \ o v o r > 
H r H rH r>- J -
H 
O O l A . i / > H O o o o o o o O O N O v v O - d - r H O 
s 
81 ON l / \ r u r u 







ft = VD 
vO l/N, VO 
o- r H ON r u s -* -3-




in V O 
r-
H 
a °. a q 
d 
CO n~"\ iX VP 
O rH V) 0\ H <* a . . . 
O O ON CO 
v o vo r u 







o o o o o o o o o o o 
O n j o r u o r v j o r u o r u o 
( j K 
E M S 
! A v b (\J 4 O 
O O v O O r ? S o H r H O O O 
r u o o o o d o d d d r u 
o s s 
rH O O 
s s E - = e E 
3 i d 
3 3 
5 it 
15 o q 
o o j o 
3 
g i O N M J 4 IT\ IT\ v o ru ru c o c o m i r \ 
bp H H 
O o q q 
vo vo 
o o o o o o o > o o o o o 
r H r - H f - 4 r H i — I r - H r H r H i H rH r-1 r-I rH «H 
o o io d 
H ? 5 £ Kf 8* 
91 OJ VD VD CO O 
3! 
CO 
2! * \ 
8 R 
VO H J - 0 0 
^ H G( ^ 
K \ i- l O O • • • • 
i H o o o 
O VO 
as ITN Vp O O K o oS § ^ 
O O O O 
IM 
ON 
1 0 ^ ^ IM A « ) J " O K \ IT\ K \ l?S r H V\ OJ OS OO LT\ CO -3" 
r \ J r H r H i H C M H f M f - i ( \ J r H r \ l > - ( K \ r - I O J H f \ r - 4 l < r \ r - t 
3 
o o o o o o o o 
OJ H r*\ r-4 m r-t <J\ 














• • • 
i f \ v\ J -
N o o (\i m m v o 
m o r-« c^- c o 
0 \ H vO 
• • • • • • • • • « 
'3 
SE O >* 
o -a- ^ • • • 
O c o a ^ a o d o d o d 
if\ o 
U\ n 
o H m o O O O O fVI 
" " J rt N 
O <M O 
6 6** o o o d O r y d (\l O (\J 
o o o o o o o o 





" i ° *° 
° 5 w 





d » H S «i < 






o O C O C O O O C O C O C O c O c O ' ^ D u D n j rvj 
VO \ D 
O O t o t o 
r-i t-i a* Q\ • * * • 
I A m o \ o > 
t>- r*. vO VD . l A l A ir\ 
I T ) 0 0 ft ON • • SO ON * 
l A 
i H R (M -d - t-i 0 0 d rv j 
KN. 
l A 
rV l A r A 
r A l A C*. 
l A O N 
(Ti O I A R 3 
o o o o o o o o o o 
f \J ON J * 
t>-
H v£> U > 
H CO O l A O - VO 
(\J P S i - l ON O C*-
VO OO 4 4 - CO 
I S f \J r-1 ( H r- i i H 
O N I A H V D r \ j n j rv j ON 4 
<\l C * - S S O . O Q C*- C*- C*-
C^ > r A v£> - T r - i u S H V O v O 
H f \ » r H i - 1 r H H p - l f H » H 
o o o o o o o o o o o o o o o 
O O W rt 0 0 - X 
vO ON v D l A J - V£> 
O N O 
l A 00* 
O -s- O 
• • • 






O 3 K 
o j a 
55'0 X 
n j ON 
KN l f \ R a s a 
5 = 5 
i J l v j D r ' N i - l v O C . C V l q Q . O N H 
O O r t l M O O O O r t O H O O O 





° = H = 
I N 
.-< 
I N rt o rt O 
fy " " " " " " 
-r J " V O • • -3-
J - rt -* rvj 
£3: o o c o o o c o o o c O c o c o o o o o o o o o o o o • * * • • « • • • • • • • • 
C O c O O O C O o O C O C O C O c O O O O O O O O O V O 
4 ON K> 





ON z vO 
CO 
-3" rvj *-4 CO *-* lA 
m 
VO 
ON INJ rvi ON ON o u » o 4 t o 
% fvj I A r>- ON r y n > J \ H 
KN rt O O r u O l*N O O O 
o o o o o o o o o o 
PH 
d 
P o S o s= 
O H H 
W H O 
g.S 3 





























O O O o o o o O o O O o 
CO O ON o l - l ON H H UN rt CN o 





U „ °la 
2 O X 
• £ O 
» 3 
I<N 
r > r*N o v en 
j - i n rt x 





O O , X 
I A 0 0 
°. *. 3 * 
o o d d 
3 8 SS 
d d d d 
o 
X C E S 
o o o o o o o o o o o o 
• • • • • • • • • • • a 
ft * > «H 
•4- CO H ON ON 
3 JH S ft \ °3 
• • • • • 
ON f\] CO OJ OJ 
d v o VO 
OV C*- O -
S I 
ON CN. l/S f \ j 
H CM K \ 
VO 
jg <a £ > c o 01 K \ 
• • • • • • • 
o o o o o o o 
<V Q K> VO t\J 
O CQ I A t—I H 
H q q o o 
o d d d d 
- * - » ON 
K \ VO VO 
O i n rvj 
rH O O I 








N IM H H H H H 
o o o o o o o 
rH <M 
» U 2 
Q CO -3- J -
( V H H H 
d d o o d d d 
ON K> H \ 
CO (\J I A 
ry c \ c o 
0% r y 
c o l A 
f\ l v o 
ri H l * \ l \J • • • • 
o o o o 
I f t I f t N 
VD- 2 K! * LA - J " rH CO 
i~i r-i <-i r-i • • • • 
o o o o o 
s 8 s 
J - e 
d 
r 3 
O IM VO VO 0 0 l A VO r A 
N v O l f t l A ^ l f t i N , u ; ^ 0 0 ^ « N 
VO VO K \ l A IM 
• • • • • 
rH ON rvj p - m 
I N l f \ l > 
• • • 
K \ K"\ <\J 
a g rH • •S s * rH " s • B 5 
O J o 
B O X 
= g 
K 
o iH ON. 
rH 




X H » o E as 
0 4 • 
q n j d d d 
O IN ff> rH 






^ H w J -
O O O H 





O rvj O O O ru 
, S J o § 
o o o o o o - a - d 
f\ H O 
cr \ tr\ c\j 





O O o 
rvj M m 
O * y I N 
( M CT. O 
ITS K \ A S 
O O O 
vo" "rn 
3 3 
o o o o 
R 
1^  n^ r - t t A Q C"-Os OS I A C>> ri t A (VI 
H H M H 
in nj 
ON [ V 
H V D I N 
N H l A l i \ 
K \ m f \ j c o 
<H t\J iH f\ l 
© o o o o o o o o . O . O O O O O O O I A 
s 
o 
I K c o ^ p c o o 




5! i n -d- s = i 
o I N in oo m m m I N C N <o <*> o in m .# • • • • • • • • • • • • • • « • 
-a- K \ m <\j r«. o* I N ru o - * m r - i n c ^ o o K \ 
CO 
f H Q O - t f - O f M O t A V O O 
a s 3 8 3 3 3 8 5 3 3 8 3 a 3 8 
R o v R o \ 
o o in m m 
• • • • ua 
0 \ t o N (VI H 
o , 8 ' 3 o o o o o o o o o o o o o o o o ^ o ^ § c ? < ! > o 
O O O K \ O I \ J O l > J O A I O < \ J O M O I \ 1 0 ( \ J O O ( \ i O O O O f \ i 
s e c E B B B 
3 
S B B B S C B 
in m 
n n ri f< o> 
• B B B • • • « * • • • • • • * * * a K B C B B B 
• 4 - . . „ _ l A l A . d - . t f - O O O O O O O O C O C O C O O O I N 
• B B B • • • « • • • • • • * • • • * B B B B B B B 
rH lo-
r-l Jo" 
3 • • • 
OJ J 1 
i 5 H 
; a ta 
CO i2 3 IV n"\ N 8 * 8 8 
d 
•5 d 
(\J (\J I A 
o \ c o r > _ . 
c - l f \ v o KN, i r \ 
f \ l H rt 
fN m r > KN. 
3 R 
rvi rH 
K \ pH 
f \ CO I A CM CO l A 
CO ON CO £*** J " ON 
Vfl ITN KN, f-H rH 
rH rH rH rH rH KN, 
O O O O O O O O O o o o o o o o o 
& 
rH CO r f \ V 0 v O O . VO ON VD 
• • • • • • • • • 
( T \ C O ON O CO ON r > ON r > C*» f \ l K \ KN KN <\J K \ i > 
_ v p ry i>-
°. a ^ i "i a 
W D h 
o w < 
S$:!f r > f \ j v o o v o 
o o o o o o 
_ ON C*- r^ i 






















































O O o o o O O 
F*\ ON r H 0 0 o <NJ UN 
ON CN ci VO VO ON I N 
rt 
d 
o K \ 
I N VO 
UN 
UN 
^ v f" 
EH o l EH O ^ • 





UN ON CO 
rt MN 
rvi 
z 8 EH 






g 3 r H 










O B | * 
z r i e 
o 
°o 
O 3 E-i 
EH W < 
O 
d 
» ft m 
ft ^ LA ^ ^ ^ 
0 6 6 0 6 
r > r H 
3 8 
\ 0 f\J CT» OO 
i r \ vD m IM 
r > c o O N O N 
• • • • 









rH rH CO rH r > H ( \ J H K \ N O \ J J j O » ( V 
VO K 0 « H N 0 r > t t K \ v 0 ^ K N r ^ v D K \ O - * ° J l ' N QQ U N U N C ^ - K N t S r H C O f \ J J - l / N O - T » J 3 rH ( A ^ 
^ r > - r > u ^ u N i i N i A ^ v o u ^ o > r N - v o v O G O \ o v O v o 
ft 
v o KN r u Q 
J - O N Q V O 
rH rH OS rH 
<\J O rH O O O 
KN O N O N J - O N r y O N 
UN Q rH vO C O IN UN 
KN UN - T - T O INJ rH 
C O rH J - rH KN rH rU 
O O O O O 
8 § 
r\l UN rH O K N O N O N l / N f U 
m c o i n v o i n rH -a- c o m 
7o -





a 0 a 0 a 0 a 
••s 
q q o o o o o o o o o o 
O r u o r u o r u o r u o r u o r u 
^1 
ft KN ON NO rH rH VD O N rd 
CO t>- f\J O 
rH ru KN -? 
a 21 R; IX R 
n j n j 00 00 
QO c o CO CO 
CO CO 
d d 
00 UN J -
KN UN CO 
O ru O O O KN O 
KN i n 
V O UN 
O - s - r u 
v o r*- c o 
V O O N 
• • • 
O N r u v o 
ft ft 8 8 ru ° i £ n i n = ft ' 
i> . r>N in 
CTN (N vD t> 
O J - \D IN ^ 
£ - r A \r\ c o 
O N l A O N r*\ 
VO KN LA 
l A ON C"- l A 
-4 * VO (M t>* 






IODINE - ACETONE LIGHT EMISSION RESULTS. 
Pr e l i m i n a r y Experiments. 
, At the outset of these experiments the q u a l i t a t i v e e f f e c t s 
of i o d i n e on the l i g h t emission were not known. Some p r e l i m i n a r y 
experiments by M i t c h e l l had suggested t h a t i o d i n e probably d i d 
quench the emission but he d i d not claim t h a t the r e s u l t s were very 
r e l i a b l e . 
With the apparatus shown i n f i g . ( l ) and f i g . ( 6 ) , the 
q u a l i t a t i v e e f f e c t o f io d i n e could be e a s i l y i n v e s t i g a t e d . The 
f o l l o w i n g f a c t s emerged: 
(1) The e f f e c t o f i o d i n e i s t o reduce the l i g h t emission 
a t room temperature t o about a t e n t h of i t s value i n the absence o f 
i o d i n e . 
(2) A s a t u r a t i o n e f f e c t i s observed - the a d d i t i o n of i o d i n e 
a t pressures greater than about ^rM having no a d d i t i o n a l e f f e c t on 
the emission. 
O) The i n t e n s i t y o f emission i n the presence of excess i o d i n e 
i s the same as t h a t i n the presence o f excess oxygen. 
P o i n t (2) above meant t h a t the highest temperature 
r e q u i r e d f o r the i o d i n e r e s e r v o i r was about l6°C ( t o provide the 
excess i o d i n e pressure of ^ mm) and the connecting tubes t o the c e l l , 
and e s p e c i a l l y the taps, were r e q u i r e d t o be kept only a few 
degrees warmer than t h i s . This observation was very important 
i p p r e s e r v i n g the s i l i c o n e tap grease from a t t a c k by i o d i n e . 
On the basis of the p r e l i m i n a r y r e s u l t s and the data 
c o l l e c t e d i n the acetone-oxygen system, an i n v e s t i g a t i o n was 
undertaken o f the e f f e c t o f temperature, acetone concentration 
75. 
P i g i 2 5 E f f e c t o f acetone pressure on t o t a l phosphorescence 
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and iodine concentration on the l i g h t emission. 
More attention was paid i n t h i s system to the results at 
100°C than at 120°C because most of the quantum y i e l d data (especially 
for CH^I) had been reported at the former temperature. 
The rebuilding and realigning of the apparatus p r i o r to the 
co l l e c t i o n of iodine-oxygen emission data, improved the s e n s i t i v i t y 
(by a factor of about 1 . 8 ) , and the accuracy considerably. This 
improvement can be seen reflected i n , for instance, the better f i t 
of the r e s u l t s of the plots f o r -^77 against acetone concentration. 
( f i g . 2 5 ) . 
Calculation and Tabulation of Results. 
The method for talcing readings and the calculation of the 
results was exactly the same as had been described previously i n the 
oxygen-acetone system. The concentration of iodine was calculated 
from vapour pressure data as described previously i n the section on 
experimental technique. The method for obtaining data f o r the 
calculation of the extinction c o - e f f i c i e n t has been dealt with 
previously and the results at various temperatures are l i s t e d i n 
Table I . For the results at 25°C i n the iodine-acetone system the 
extinction c o - e f f i c i e n t was not measured but i t s value was obtained 
from the graph showing the v a r i a t i o n of £ with temperature ( f i g . 2 3 ) • 
The data collected and the calculated results f o r the 
iodine-acetone system are shown i n tables 9 - 1 2 , each table dealing 
with results at a d i f f e r e n t temperature. The graphs drawn from the 
results are shown i n f i g s . ( 2 5 , 2 6 , 2 7 , 2 8 , 2 9 ) . 
The effect of acetone pressure on the t o t a l phosphorescence,.efficiency. 
The results r e l a t i n g the effe c t of acetone concentration 
7 6 . 
on —xn have been extracted from tables 9» 10 and 11 and are shown i n 
f i g . ( 2 5 ) . The results at 100°C were obtained f i r s t and they showed a 
l i n e a r relationship with a slope comparable to that obtained i n the 
oxygen-acetone system. At low acetone concentrations at 100°C the 
experimental results f a l l below the st r a i g h t l i n e through the points 
fo r higher concentrations. The high temperature and low acetone 
concentration used combine to produce low emission i n t e n s i t i e s and 
make the points a t the lowest acetone concentration at 100°C rather 
suspect. Repeated measurements of the points i n question did not 
establish a clear answer but rather served to i l l u s t r a t e the spread 
of r e s u l t s l i k e l y to be obtained under the d i f f e r e n t experimental 
conditions. I t was then decided to measure at the lowest 
convenient temperature (25°C) where emission e f f i c i e n c i e s are greater 
and the results at low acetone concentration are more r e l i a b l e . 
I t can be seen from fig.(25) t h a t , over the range of acetone pressures. 
investigated at 1G0°C, a l l the' results at 25°C f a l l on a s t r a i g h t 
l i n e . The same can be said for the results at 50°C except for the 
17 
r e s u l t at the lowest acetone pressure (about 3 x 10 molecules/cc). 
The graphs of -jjjw against acetone pressure show great 
s i m i l a r i t y to the corresponding graphs obtained i n the oxygen-acetone 
system (see f i g . 1 2 ) . Thus dm She iodine-acetone case the lowest, 
temperature l i n e i s horizontal and the slope increases with temperature 
i n the same way as i n the oxygen-acetone r e s u l t . Only one r e s u l t f o r 
- i - r / was obtained at-120°C and that i s shown i n table 12. 
The effe c t of acetone pressure on the fluorescence e f f i c i e n c y . 
At 50°C three results were obtained (see table 10 ) which 
show that Q i s independent of acetone concentration. The e f f e c t 
7 7 . 
of acetone pressure on Q was not investigated at 25°C or 120°C but 
at 100°C - ^ r was determined over a, wide range of acetone pressures. 
The r e s u l t s are contained i n table 11 and are shown graphically i n 
f i g ^ . ( 2 6 ) . Most of the points (marked i n c i r c l e s ) i n f i g . (26) . were 
.determined in- a single series of measurements, a l l performed on the 
same day so as to increase t h e i r mutual consistency. The points 
marked with crosses are for measurements taken at d i f f e r e n t times over 
a/period of some weeks. The r e s u l t s show that , as i n the- oxygen* 
acetone system, - i j r i s independent of acetone concentration. 
The effe c t of iodine on the phopshoresoence effi c i e n c y . 
Measurements of the e f f e c t of iodine on Q were made at • 
50°C, 100°C and 120°C. The results and calculations are shown i n 
tables 1 0 , 11 and 12 arid plots of ~ar against iodine concentration 
are shown i n " f i g s . ( 2 7 , 2 8 , 2 9 ) . A linear relationship i s again.obeyed 
as i n the oxygen-acetone system and at.a fixed temperature the slope 
increases with acetone pressure. The e f f e c t of temperature can be 
seen by. comparing the l i n e s for the same acetone concentration, 
17 ' " '2km5x10 raolecules/cc. This concentration corresponds to pressures 
of 8 . 2 cms, 9 . 5 cms and 1 0 . 0 cms at 50°C, 100°C and 120°C. As. i n 
the oxygen-acetone system the slope increases as the temperature i s 
increased f o r a fixed acetone concentration. 
Results at Various,temperatures. 
The effe c t of temperature .on -~n and has been dealt 
/* T ' ' 
with above. Using data extracted from Tables 9t 1 0 , 11 and 12 
Arrhenius plots of and have been made and are shown on the . 
same graph (fig.2*0 as those f o r the oxygen-acetone r e s u l t s . I t can 
be seen that the graphs are very similar i n each case except f o r a 
. 7 8 . 
v e r t i c a l difference i n scale. This difference i s due to the increase 
i n s e n s i t i v i t y i n the apparatus before the iodine-acetone investigation 
began. 
The s l i g h t temperature dependence of the fluorescence 
efficiency and the marked temperature dependence of the Q^, i s almost 
i d e n t i c a l i n both the iodine-acetone and oxygen-acetone cases. 
Xenon - Acetone Light Emission Results. 
With pressures up to 10 cms. of xenon and 15 cms. of 
acetone no appreciable effect on the i n t e n s i t y of the emission was 
detected at any temperature. 
7 9 . 
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CHAPTER IV. 
RESULTS OF METHYL IODIDE QUANTUM YIELD MEASUREMENTS. 
The results f o r £ QH^I, obtained as described previously, 
are tabulated i n Table 13 and displayed graphically i n figs.(30)and 
( 3 1 ) . I n f i g . ( 3 0 ) the results obtained for £ CH^I at 100°C are 
plot t e d along with data previously reported by other v/orkers. 
Points measured at the same acetone pressure are joined by l i n e s , 
other acetone pressures are indicated on the graph. I n f i g . ( 3 1 ) the 
results f o r iEcH^I at 120°C are plotte d i n a similar way. 
In table. 13 the iodine runs are numbere'd with " 1 " e.g. A1^, 
B1 2, etc; the pure acetone runs with a l e t t e r and number subscript 
only e*g. A^ , B^. Most of the data was obtained at 100°C so that a, 
comparison with Martin and Sutton's work (h) could be made. The new 
anal y t i c a l technique f o r CH^I allowed rather more sensitive 
determinations of J c H ^ I to be made and lower pressures of iodine could 
be investigated than had previously been possible. This meant that a 
great deal of supporting evidence, by an independent a n a l y t i c a l 
technique, could be obtained f o r the effec t of both acetone pressure 
and iodine pressure on J c H ^ I . 
While they were i n good agreement with a l l of the previously 
reported data, the results obtained i n t h i s work showed that iodine 
i s rather more eff e c t i v e at r e l a t i v e l y low concentration than had been 
previously predicted by the Martin and Sudaon mechanism. Consequently 
a t t e n t i o n was focussed on tho low iodine pressure region to confirm 
t h i s . The temperature effect noted by P i t t s and Blacet ( 8 ) was 
confirmed by t h i s work although lack of time prevented as much 
evidence as would have been desirable from being collected on t h i s 
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CHAPTER V. 
Discussion of Results. 
From the results i n t h i s work and those of other investigators 
which have been summarised i n chapter I , some general conclusions and 
consequent l i m i t a t i o n s on allowable mechanisms can now be taken as 
established. These are: 
(a) The fluorescence efficiency from the singlet state i s l i t t l e 
or not at a l l modified by acetone, oxygen or iodine pressures or by 
temperature, whereas the phosphorescence efficiency from the t r i p l e t 
state i s greatly affected by these parameters. The same parameters also 
have a great effe c t on the quantum y i e l d of decomposition i n pure 
acetone, acetone/oxygen and acetone/iodine mixtures. Hence i t seems 
probable that the decomposition products must come predominantly from 
the t r i p l e t state and that the singlet and t r i p l e t states cannot be 
i n equilibrium. 
(b) At temperatures below 100°C the observed quantum yields of 
decomposition i n pure acetone f a l l appreciably below unity but the 
phosphorescence y i e l d does not show a corresponding r i s e to *f0-50# as 
would occur i f phosphorescence were the only alternative means of 
deactivation of the t r i p l e t . The back reaction, CH^  + CH^ CO ^ 
CH^COCHj, usually regarded as a secondary reaction, may be the reason 
for t h i s low quantum y i e l d but i t i s necessary that any acceptable 
mechanism must, either by primary or secondary steps account for the 
f r a c t i o n a l quantum y i e l d of decomposition. 
82. 







Pig. 32 Mechanism 
(c) At temperatures of 120°C, where the quantum y i e l d of acetone 
decomposition i s near unity and i s independent of the acetone pressure, 
acetone i s , nevertheless, s t i l l exerting a considerable quenching 
ef f e c t on the t r i p l e t state (see figures 12, 25). The phosphoreecence 
y i e l d under these conditions i s less than 1% and the quantum y i e l d of 
decomposition must d i f f e r from unity by at least t h i s amount, although 
such a small difference i s concealed by the experimental error i n the 
measurement of the quantum y i e l d of decomposition. However, although 
acetone has been shown to exert a specific effect on the phosphorescence 
at t h i s temperature, i t cannot be determined whether the acetone quenches 
the t r i p l e t by producing a decomposition or a deactivation alternative 
to t r i p l e t emission. 
(d) The fact that iodine or oxygen acts i n co-operation with 
acetone to quench the phosphorescence and also i n depressing the quantum 
y i e l d can most simply by accounted f o r by postulating a complex between 
the t r i p l e t and the iodine or oxygen which i s deactivated by acetone 
rather than by invoking a three body c o l l i s i o n process. 
To explain the above general conclusions and as a basis for 
a more detailed and quantitative discussion of the results i n t h i s work, 
the mechanism shown i n figure 32 i s proposed. The e l e c t r o n i c a l l y 
excited states S(singlet) and T ( t r i p l e t ) are shown by horizontal l i n e s . 
S i s formed d i r e c t l y from the ground state by absorption of a quantum 
of energy. T i s formed i r r e v e r s i b l y from the excited singlet and 
C, which i s a complex between the t r i p l e t and iodine or oxygen, i s 
formed by a reversible step shown. The inclusion of the various steps 
may be j u s t i f i e d q u a l i t a t i v e l y as follows: 
83. 
(1) k 1 takes account of the fact that the absorbed radiation 
(3130A) i s at a shorter wavelength than the shortest observed 
fluoresdence wavelength ( i . e . about 3700A). does not appear i n the 
ki n e t i c equations as a l l the molecules which absorb quanta are 
assumed to form S without loss by other processes so that the reaction 
rate f o r An Aq i s equal to the rate of absorption of quanta 
( l a ) . 
(2) k-i and k* are essentially t r a n s i t i o n p r o b a b i l i t i e s (to the 
t r i p l e t and for fluorescence respectively) and as such would not be 
expected to be greatly affected by temperature change or by the 
eftca. 1 
presses of other molecules. This allows —rrt to be more or less 
independent of theseparameters. 
(3) The step kg i s included to account for the t r i p l e t 
phosphoresence which i s i n fact observed andk^ i s needed to represent 
the decomposition which i s found i n the photolysis of pure acetone. 
The reasons for associating k ^ with the t r i p l e t rather than the 
singlet have been outlined under (a) above. 
(k) The formationsof the complex C by the reversible step k^ , 
and k ^ have also been dealt with above (see (d)) 
(5) The deactivation of the complex by step kg must be included 
because under conditions where the phosphorescence i s completely 
quenched ( i . e . deactivation by step k^ i s completely supressed by 
addition of, say, iodine) then the quantum y i e l d of acetone 
decomposition i s nevertheless far below unity. The effect of high 
iodine concentrations i n reducing the quantum y i e l d of decomposition 
i s most clearl y seen i n figures (30) and (31)-
84. 
(6) k must be included because, i n the region where the 
y 
phosphorescence i s f u l l y quenched by oxygen or iodine, there are, 
nevertheless, some products formed. Alternatively these products 
could be formed from C v i a k ^ and k 1 Q but only i f k 1 0 ^ k so that 
A^. i s maintained at a low enough concentration f o r there to be no 
appreciable phosphorescence v i a kg. I f t h i s l a t t e r i s the case 
quantitative treatment of the mechanism could be expected to y i e l d 
the value k_ = o. 
y 
(7) The observed effe c t of acetone pressure on the phosphorescence 
(noted i n (c) above) indicates that either kg or k ^ must have a 
concurrent bimolecular mechanism involving acetone. 
The k i n e t i c treatment of the proposed mechanism i s shown 
i n f u l l i n Appendix (3)• The mechanism can now be shown to f i t the 
experimental facts k i n e t i c a l l y and i n the process of doing t h i s the 
significance of the various experimental observations w i l l become 
apparent. 
I n Appendix (3) equation (5) i t i s shown that the inverse 
fluorescence efficiency i s given by 
1 k2 + \ ^ \ 
— r = k. ~ k_ Q 2 2 
As discussed above, these rate constants would be expected 
to be f a i r l y • i n s e n s i t i v e to change of temperature or the presence of 
added reagents. The experimental results confirm that t h i s i s indeed 
the case with respect to added reagents and the effe c t of temperature 
on - ^ r i s very small, ( f i g . 2 k ) . Furthermore the temperature effect 
v a r i a t i o n of i s the same when either oxygen or iodine i s used as 
the quenching reagent as can be seen from figure (24) where the r e s u l t s 
85. 
are plot t e d i n the Arrhenius form and where i t can be seen that, 
w i t h i n the l i m i t s of experimental error, both series of re s u l t s 
conform to the same slope. The slope of the l i n e corresponds to 
an activation energy (calculated from E act. = 2.303 x I.986 x slope) 
of 780 cals/mole ( = E^ - E,,) - although temperature coef f i c i e n t s of 
t r a n s i t i o n p r o b a b i l i t i e s are not usually discussed i n terms of 
activation energies. 
I t has also been shown (Appensix (3) equation *f) that the 
primary quantum y i e l d of acetone decomposition i n the photolysis of 
pure acetone i s given by 
k 6 + k l 0 
To account f o r the reported values of less than unity f o r 
the quantum y i e l d for decomposition of acetone below 100°C, the above 
expression must be less than unity at these temperatures. This i s 
only possible i f kg i s comparable with k-^Q- However the rate of 
decomposition under these conditions i s determined by k.^ and i f 
k^ Q and kg are to be of the same magnitude then the phosphorescence 
efficiency ( i . e . the quantum y i e l d of phosphorescence) must be 
comparable with the quantum y i e l d of decomposition. This i s not so -
the quantum y i e l d of phosphorescence i s much smaller - but the 
impasse can be avoided i f kg i s taken to have the form kg = l g + hg (A) 
that i s i f there also exists a bimolecular (non-radiative) mode of 
deactivation by ordinary acetone molecules. The condition that kg = k^ 
can now be met since now l g i s the rate constant associated with the 
phosphorescence and there i s no r e s t r a i n t on the value of hg (A). 
86. 
Furthermore, t h i s argument i s not invalidated i f k^ Q also has the 
form 1 ^ + h 1^(A), as w i l l be postulated l a t e r . Therefore the quantum 
y i e l d for acetone composition i s given by either 
i d = ™ or ± d " l 1 0 + l 6 + ( h 1 0 + h 6 ) < / 0 
k 1 0 + 1 6 + h 6 ( A ) 
either of which forms predict that the primary quantum y i e l d of acetone 
decomposition should be a p a r t i a l inverse function of the acetone 
pressure at the low temperatures where kg = k^^ as i s required. 
At temperatures above 100°C the above expressions predict the 
observed quantum y i e l d of unity i f i s assumed to have a 
s i g n i f i c a n t l y greater a c t i v a t i o n energy than kg so that at these 
temperatures k^Q^kg. This assumption i s e n t i r e l y reasonable since 
kg i s the rate constant for a deactivation process which i s not 
os! 
l i k e l y to have an act i v a t i o n energy whereas the decompsetion step 
k^Q, may have an activation energy even i f the t r i p l e t state l i e s 
at an energy l e v e l above that of the products. I f the energy le v e l 
of the t r i p l e t l i e s below the l e v e l of the products then the 
decomposition process must have an activation energy. 
The expression f o r the inverse phosphorescence y i e l d from 
the postulated mechanism can be shown to be (Appendix (3) equation 7) 
and i n pure acetone t h i s s i m p l i f i e s to the expression 
1 k10 + V A ) 
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since i n pure acetone ( I ) = o and the l a s t term i n the bracket 
becomes zero. This has the li n e a r form ( v i z : —srn = K + K(A) 
necessary to f i t the results which have been-obtained (see, for 
example figures (12), (25)). However, as demonstrated i n figure 
(25) the slopes of these graphs have an appreciable temperature 
c o e f f i c i e n t . Using the expression derived above from the mechanism 
proposed, the slopes of the -ibr against (A) graphs are given by 
hg/lg and since both h^ and l g are deactivation processes neither 
can be expected to have s u f f i c i e n t l y large activation energy. 
I f , however, k^Q i s replaced by I^Q + h^^(A) i n the same 
way as was done for kg above, the expression f o r the inverse 
phosphorescence eff i c i e n c y becomes 
1 _ ^10 ( h6 + h 10)(A) 
~% = 1 6 + h~ 
and the temperature c o e f f i c i e n t of both the intercepts and the slopes 
of graphs such as figure (25) can now be accounted f o r by the v a r i a t i o n 
with temperature of I^Q and h^^ respectively. The requirement and 
the p r o b a b i l i t y that I^Q and h^Q have s i g n i f i c a n t activation energies 
has been discussed above and needs no further j u s t i f i c a t i o n . I f the 
above treatment i s accepted then the intercepts of the p l o t of 
against (A) at (1^) = (C^) = (0) are proportioned to 
88. 
TABLE 14 : Oxygen series 
TEMP.°C .GRAPHS - i -
I 
n vs (A) GRAPHS -i» vs (0 2) 
1 







cc Mol 1 
x a x 10-2a° x W l x 10 a- 1 6 
20 0.480 1.10 49.44 11.8 
32.97 7.03 
12.52 4.96 
50 0.734 4.30 24.52 7.54 
75 24.42 7.70 
100 25.89 9.64 




150 22.83 8.83 
TABLE 15 : Iodine Series 
1-
TEMP.°C GRAPHS i vs (A) 
rrW 
GRAPHS • 7 V 6 ( I ) 
1 
IS"" 
AT (A) =10 
SLOPE 





x a x 10-20a x 10 11 x 10~l6a 
25 0.333 0.06 






























and the slopes are proportional to (hg + h ^ V l g . Values of these 
r a t i o s obtained from the graphs have been tabulated i n columns 2 and 
3 of Tables l*f and 15. I t w i l l be seen that a proportionality 
constant, a, has been included i n these Tables. The reason for "a" 
i s as follows. The l i g h t emission r e s u l t s have been presented i n 
terms of arbitary units (consistent within the oxygen and the iodine 
s e r i e s , but d i f f e r i n g i n the two s e r i e s ) . Thus i t can only be said 
(for example) that the intercept of the versus (A) plot i s 
^T 
proportional to 1 I t i s true that the intercept i s equal to 
1 " 
1Cy^ only i f the phosphorescence e f f i c i e n c i e s were expressed i n 
absolute u n i t s . Now i t i s known that the phosphorescence ef f i c i e n c y 
at 50°C i s about 0,2% (39) so that -iw at t h i s temperature should be 
of magnitude about 500 whereas the intercept at (A)=0 and 50°C from 
figure 25 gives -^r> = 0.^22 i n the arbitary units used. Clearly a 
T 
proportionality constant, a, of the order 1250 i s required to y i e l d 
absolute values of l - | 0 / i a n d kg + h i q ^ l * w i l l » however, 
6 6 
transpire that t h i s same factor, a, appears elsewhere i n the r e s u l t s 
for rate constant r a t i o s l i k e 1,._ but i s removed by cancellation 
^ 6 
when these rate constant r a t i o s are combined with others i n the 
development and testing of the mechanism. Consequently many of the 
matters yet to be discussed are i n no way invalidated by having no 
very accurate value for t h i s constant. Where necessary sp e c i a l 
mention w i l l be made of matters which are affected by the precise 
value of a. 
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+ "17 «"£" 
The r e s u l t s of the intercepts and the slopes of -77* vs (Ac) 
5C 
graphs ( i . e . and (h^ + n-jo^ /1 ^ a r e * a D u l a t e ^ ^ n columns 
h 6 
2 and 3 of Tables Ik and 15. They can be treated i n the Arrhenius 
manner as i s shown i n figures (33) and (3*0 4 From the figures i t 
can be seen that: 
(1) The r e s u l t s from the oxygen and from the iodine experiments 
are concordant as required by the mechanism 
(2) i n so far as the points i n figure (3*0 can be taken to 
describe a straight l i n e i t follows that either hg or h^ Q has a 
negligible temperature c o e f f i c i e n t . Reasons have been outlined above 
to suggest that the temperature c o e f f i c i e n t of h^ should be small and 
the activation energy from t h i s graph may be ascribed (see below) to 
E, - E 
h 1 0 1 6 . 
(3) From the slopes of the figures, and applying the above 
si m p l i f i c a t i o n , i t can be calculated that Eact = E n - E n = 
110 H 
2.303xl.986xQ.926xl(r = h.2 kcal/mole and s i m i l a r l y E. - E, = 
13 kcal/mole. 
The extraction of the r a t i o ho/. from .£CH,I data. 8/k 9 3 
I t i s generally accepted that the primary products of reaction 
1 
k..,-. are one CH, r a d i c a l and one CH,C0 r a d i c a l . I t has been shown 
by Martin and Sutton (*0 that in, the presence of an excess of iodine 
CH^ CO I i s formed and, although the quantitative determination proved 
to be impossible due to d i f f i c u l t i e s i n a n a l y s i s , there i s no reason 
to suppose that i t i s decomposed under the conditions of the 
92. 
i r r a d i a t i o n . This conclusion i s reinforced by the absence of carbon 
monoxide from the products of the photolysis i n the presence of an 
excess of iodine. Provided then that the reaction of methyl r a d i c a l s 
with iodine to form methyl iodide i s s u f f i c i e n t l y f a s t to exclude 
the formation of other products from methyl r a d i c a l s , then each 
molecule of acetone decomposing by reaction 10 w i l l y i e l d one 
molecule of methyl iodide. The absence of such products as methane 
and ethane indicates that, in fact , the reaction of iodine with the 
methyl r a d i c a l i s fa s t enough to p r e f e r e n t i a l l y remove a l l methyl 
r a d i c a l s . Assuming that each molecule of the complex C decomposing 
by reaction 9 also gives r i s e to one molecule of CH^I (regardless 
of whether the decomposition i s molecular or into r a d i c a l s with 
subsequent capture as above) i t follows that the primary quantum 
y i e l d of acetone decomposition i s equivalent to the quantum y i e l d 
of CH 7I and hence, from Appendix ( 3 ) equation 9, i t follows that 
lo 
k J 7(U 
When the iodine concentration i s s u f f i c i e n t l y high the f i r s t terms 
i n both the numerator and denominator become negligible and under 
those conditions ( i . e . excess of iodine) the above equation s i m p l i f i e s 
to 
£ m « . I - Z d = 1 
(X)s>« 1 + hg(A)/k g 
Inversion of the expression would allow a graphical treatment of 
the data but, as the l i m i t i n g quantum y i e l d s were only measured at 
93-
two acetone concentrations at each temperature, the r a t i o hg^k, 
has been obtained by calculation and the r e s u l t s are given i n 
Table (16) . 





(molecules cc~ ) 
h 8 / k 9 
(cc. molecules ) 




k.lk2 x 10 1 7 
38.8if x 1 0 1 7 
18 
3.159 x 10 
2.922 x 1 0 " 1 8 
3-0if1 x 1 0 " 1 8 
120 
| 120 
15.53 x 1 0 1 7 
38.8*+ x 1 0 ~ 1 7 
2.576 x 1 0 " 1 8 
2.2^2 x 1 0 ~ 1 8 
2.^09 x 1 0 " 1 8 
I t can be seen that the two values of ho/h_ calculated at 
100 C d i f f e r by about 8%. This difference may be due to errors i n the 
experimental data, especially at the lower acetone concentrations used, 
which would prevent the value of <E CH^I from being determined with 
s u f f i c i e n t accuracy. However, i t i s more probable that the error 
i s inherent i n the mechanism where i t i s taken that kg can be replaced 
by hg(A). Reaction 8 i s the deactivation of the complex, and i t might 
be expected that t h i s deactivation could also be brought about by 
c o l l i s i o n with iodine molecules although with a much lower effici e n c y 
than i s ascribed to acetone molecules. I f the deactivation by iodine 
i n reaction 8 i s included ( the mechanism i s modified by writing 
kg = hg(A) + j g ( I ) when necessary. Provided that hg ^ jg 
the importance of j g ( I ) w i l l normally be small since i t always occurs 
9*. 
as an addition term to hg(A) and generally (A) i s much greater 
than ( I ) . However, for the calculations here i n question which 
concern experiments i n which deliberately high iodine concentrations 
17 -1 were used (about 1 x 10 molecules cc ) the iodine can amount to 
17 —1 
about 25$ of the acetone concentration (4.1^ x 10 molecules cc ) . 
Allowance for t h i s effect would lov/er the calculated values of 
hg/k^ and, since the correction would be proportionately greater 
at the lower acetone concentration, a suitable choice for jg would 
allow the discrepency to be eliminated. However, a reasonable 
a. 
explanation of the discrepancy having been found, the quantitative 
determination of the value of jg has not been pursued because the 
data for i t s calculation i s so limited as to make the number which 
would emerge of doubtful quantitative significance. Accepting the 
mechanism to be in accord with the experimental findings the mean 
values of hg/k^ at the two temperatures can be used to calculate that 
Ehg - Ekg = - 3.^f kcal/mole by the usual Arrhenius treatment. 
The values calculated for hg/k^ can now be used to treat 
the slopes of the Sten-Volmer plots of -^77 against ( I ) . From the 
expression quoted "above (page 8"* ) for - ^ 7 i t can be seen that the 
slope, S, of these graphs i s given by 
1 6 (1 + hgCAK • > 
k 9 
whore a- ife-tbe- eenstant iatroduced previously -be convert l i g h t 
emiooion r e s u l t s -to abooltrte -unite and therefore 
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0-2O +• 
O M 5 
15 S'S6 xfO K 
o-to 
O-Qf 
I o-3 oz. O'l O 
e cc 
Pig. 35 Determination of lg / j . , and k 7 at 100 C 
1 —7 1 
K 7 ( 1 +h 8CA)/ > 
The expression i n the bracket can be calculated and plotting t h i s 
1 
against jrjj— should give a straight l i n e from the intercept and slope 
of which lg and k ^ can be obtained. The Stern-Volmer plots 
obtained for iodine quenching at 100°C have been previously included 
as figures 27, 28 and 29, and the slopes of these l i n e s are l i s t e d i n 
Table (15 column 5)• Using these slopes and the method outlined above 
the r e s u l t s shown i n Table 17 and plotted i n figure (35) a r e obtained. 
TABLE I ? . The calculation of \,,. and k „ A at 100°C. 











3.882x10 1 8 12.81 O.07807 15x10" a 0.667x10 1 5/a 
2.^59x10 8.V78 0.1181 9.93x10" l 6a l . 0 0 7 x 1 0 1 5/a 
1P1 
1.553x10 5.722 0.17^7 8.77x10" l 6a 1.1*f0x1015/a 
In figure (35) the points have been marked with a v e r t i c a l 
uncertainty computed assuming t 6$ indeterminancy i n the values of 
^8/k a n c* a n o r ^ - Z i 0 n ' ' : a l uncertainty by assuming + 10$ i n the slopes. This 
9 
degree of indeterminancy i s not f e l t to be excessive i n view of the 
formidible experimental d i f f i c u l t i e s which had to be overcome to obtain 
the emission r e s u l t s at the higher temperature (see chapter 2 ) . 
From figure (35) i t can be calculated from the intercept that 
3.00 14 -1 I g / j = — — x 10 molecules cc and from the r a t i o slope/intercept 
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The prediction of r e s u l t s at 50 C from r e s u l t s at higher 
temperatures. 
Some assurance that the above manipulations do not stretch 
the experimental evidence too far may be obtained as follows. 
Using the values of h g ^ at 100°C and 120°C the Arrhenius E-factor 
has been calculated to be - E^ =-J>.h kcal/mole (page*?*) and t h i s 
8 9 
may be used to calculate ho/, = 6.19x10" at 50°C. This value of 
7 9 h (A) 
hg(A) may then be used to generate (1 + ) at 50 C as shown i n 
~k 9 
9 
table l 8 , and t h i s has been plotted i n figure (36) against the slopes 
of the family of Stern-Volmer curves (figure 2?) available at t h i s 
temperature. 











53 .82x10 1 7 3^.32 0.02913 
'< 
9.2+1/w" 1 1.063 * fo 
2*t .52x10 1 7 16.38 O.06182 5.89 « 1.698 
17 .9^x10 1 7 12.11 O.08258 if .80 „ 2.083 " 
I t can be seen that i n figure (36) the f i t to the required 
l i n e a r relationship i s almost perfect. The experimental determinations 
of the slopes are, for the reasons outlined i n chapter 2, more r e l i a b l e 
a t 50°C, and the excellence of the f i t , even a f t e r an extrapolation of 
over 50°C, of figures derived from a 20°C temperature i n t e r v a l , i s 
regarded as giving a high measure of confidence that the proposed 
97. 
mechanism i s acceptable and that the derived values for hg^ 
k 9 
are not i n serious error. From the intercept at (1 + h^k))~^ = 0 i n 
o 1^ t figure (36) i t can be calculated that at 50 C 1/-,. = 6.^5x10 
W 3 7 a 
molecules cc~ and from the slope and the intercept k = 19.*H• 
The temperature c o e f f i c i e n t s of these r a t i o s over the range 50°C - 100°C 
give E - E. = -3.66 kcal/mole and E, - eJ'•, = -398 cals/mole. 
The f i n a l harmonisation of l i g h t emission and quantum y i e l d data. 
The r a t i o s of rate constants which have been evaluated above at 100°C 
are s u f f i c i e n t to allow a f a i r l y rigorous t e s t of the proposed 
mechanism to be made by calculating values of CH^I using the 
determined rate constants and comparing thenresults with the 
experimental values which have been measured i n t h i s work (figure 3 0 ) . 
The r a t i o s of rate constants which have been established from l i g h t 
emission and chemical y i e l d data may be l i s t e d as follows 
At 100°C h g y k = 3.0^1 x 1 0 " 1 8 cc molecules ~ 1 
1*4- -1 1 r .. = 3.00 x 10 molecules cc 
6 / 3 ? — 
k _ ? / = 17.86 
• 9 
1 1 0 / = 1.277a 
h f i + h 1 0 = 19.3a x 1 0 " 2 0 cc molecules" 1 
h 
and i t i s necessary to form « 1 . . 
x - i o hio W ^ I 
+- it 
,8. 
A l l the required r a t i o s can be obtained except 
but we know that at t h i s temperature the primary quantum y i e l d of 
acetone decomposition i s near unity (12). 
i . e . <E<j= k10 =1 or k6 k 10 
k6 + k10 
/. h + V A ) « ho + h 1 0 ( A ) 
Now lg« 1 1 Q since 1 1 0 = 1.277a and a '= 1000 (see previously) 
K ^ 
.'. H w " No ' ^ + h 1 0 ( A ) 
Now h^g(A) i s not negligible compared to 1^; i f i t were then the 
argument above (page88) for replacing k^Q with I ^ Q + k^Q(A) v;ould be 
i r r e l e v a n t . I t w i l l be assumed (for the present) that h^ik) = 1 ^ 
and therefore hg(A)<l< 1 1 Q and hg(A)<< h 1 Q ( A ) . Since hg(A)<«f b 1 Q ( A ) 
the function h^^(A) i n the numerator w i l l be calculated as 
( h 6 + h 1 Q ) ( A ) 
The other r a t i o s of constants can be obtained from those 
l i s t e d previously as follows 
-12 = i l 0 . x ^6 = 1.277a x 3.00x10"1 = 3.831x10lif molecules c c " 1 
d7 H j7 a 
h6 + b10 = V N o h = 19.3ax10- 2 0x 3£X10lk = 5 . 7 9 x 1 0 - 5 
Having evaluated a l l the necessary r a t i o s the value of 
J CH^I can now be calculated at any given acetone concentration. 
17 —1 
The calculation at (A) = 38.8^x10 molecules cc i s included below 















/ fan of 
/ Q / 
KM 
( h 6 + h 1 Q ) ( A ) 5.79x10~ 5 x 38 .89x10 1 7 = 2.249x10" 
1 1 0 = 3.831x10 l i f cc molecules " 1 
k Q ( A ) 3 . 0 4 l x 1 0 ~ 1 8 x 38.84x10 1 7 = 11.81 
9 
1 + kg(A) = 1 2 > g l . 1 + kg(A) + k ^ = 3 0 > 6 ? 
k 9 k 9 k 9 
(1 + kg(A) + k _ 7 ) - 1 = 0.03261 ; (1 + hgfo) ) (l+h^A>+ k _ ? ) " 1 = 0.4177 
k 9 k 9 k 9 k 9 k 9 
A B C D 
Molecule cc 
^ o + V N o ^ Numerator (B + 0.0326) 
Denominator 
(B + 0.4177) 
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A similar calculation at (A) = 4.142 gave calculated r e s u l t s 
which are plotted with those above i n figure (37) as the continuous 
l i n e s . The experimental points for £CH^I marked on figure (37) can 
be compared to the predicted values. The agreement i s good over 
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At the lowest iodine pressures the agreement i s not perfect 
but i t i s believed to be close enough to indicate that the mechanism 
i s probably sound. The small discrepency could be ascribed to a 
combination of errors i n the determination of J CH^I and errors in one 
or more of the rate constants derived from the l i g h t emission r e s u l t s . 
However, an explanation which i s not in c o n f l i c t with the r e s u l t s of 
the thesis emerges from a re-examination of the inequality hg(A)« 
h-jQ(A) + I^Q which was used in the calculation of J L CH^I above. 
The inequality i s based on the experimental determination that 5 d = 1 
i n pure acetone at 100°C. (12) (see below). However, examination of 
the reported values for quantum yi e l d s in pure acetone (12, ^2, 51» 52) 
reveals considerable discrepencies in both the value of J d determined 
at various temperatures and the effect of acetone pressure on Ji. d. 
At 100°C £ d (pure acetone) arraears to be c r i t i c a l l y dependent on both 
incident l i g h t i n t e n s i t y and wavelength. The most recent measurements 
using c a r e f u l l y selected wavelength and low intensity (52) indicate 
that at 100°C 3L d can be l e s s than 0.8 i n conditions similar to those 
used in t h i s work. 
The effect on the proposed mechanism of allowing 5 d (pure 
acetone) to take values of l e s s than unity can be investigated as 
follows: 
In pure acetone the mechanism gives 
I d = JSo_ = + hio A 
V kio V + h + hio A 
and at a selected value of 3 l d (e.g. 0.8, 0.9, 0.95) and (A) the 
101. 
r a t i o s of rate constants determined previously can be used to 
calculate the r a t i o hg/h^ Q. The calculation of £ CH^I, described 
i n d e t a i l previously, can then be repeated using the calculated value 
of hg/h^Q i n place of the assumption (hg + h^^) = h^Q. The r e s u l t s 
obtained by re-calculating i . CH^I i n t h i s way are shown i n figure (38) 
where the calculated l i n e s corresponding to a range of possible values 
of I d (pure acetone) are shown with the experimental r e s u l t s for 
5. CH^I. I t can be seen from figure (38) that the f i t of the 
experimental points and the calculated l i n e i s even better than was 
obtained previously (figure 37) i f 5 d (pure acetone) i s allowed to 
take a value s l i g h t l y l e s s than unity. The extent to which the above 
correction i s allowable cannot be determined from data presently 
av a i l a b l e . Accurate determinations of "£ d (pure acetone) at 100°C 
do not exi s t and neither are there any data on the extent ( i f any) 
of the secondary reaction CH, + CH,CO -» CH,COCH, at t h i s temperature. 
3 3 3 3 
However, the correction i s small, does not contradict established 
experimental evidence and i t s use produces almost perfect agreement 
between the calculated and experimental r e s u l t s of figure (37)• 
Activation energy differences at 100°C. 
In the above treatment of the mechanism of figure 32 
a c t i v a t i o n energy differences between the various steps have 
emerged. They are summarised below. 
At 100°C 
1) Ek^ - Ek 2 = 0.78 kcal/mole 
2) E l 1 0 - E l 6 = h.Z kcal/mole 
3) a i 0 " E l 6 = 13 kcal/mole 
102. 
k) Ehg - Ekg = -3.k kcal/mole 
5) Elg - E j ? = -3.66 kcal/mole 
6) Ek_ ? - Ek g = -3 98 Jccal/mole 
I f the deactivation step l g can be taken to have a small 
activation energy then the activation energy for the formation of 
products i n pure acetone i s about 13 kcal/mole for the bimolecular 
step and h.2 kcal/mole for the unimolecular decomposition (I^Q). 
S i m i l a r l y i f Elg i s small compared to E j ^ then E j ^ , the activation 
energy for the formation of the acetone-iodine complex, i s about 3*6 kcal/ 
mole. I f Ehg i s also assumed to be small compared to Ek^ then, from 
(k) and (6) above, both the formation of products from the complex 
and the re-formation of the t r i p l e t from the complex are associated 
with activation energies of about 3 kcal/mole. 
General conclusions. 
The data which has been obtained from measurements of the 
l i g h t emission from acetone and the primary decomposition y i e l d have 
been combined to produce a mechanism which encompasses both sets of 
data. The photolysis of acetone has been shown to be more complex 
than previously supposed but the mechanism and the rate constants 
which have been derived from the experimental data give a complete 
account of the e f f e c t of pressure, temperature, and the presence of 
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APPENDIX 1 
The Synchronous Detector. 
The synchronous detector, the function of which was 
described i n chapter I I i s shown i n d e t a i l i n f i g . ( X i ) . I t was 
triggered by a signal derived from a Mullard CV90 photocell which 
received l i g h t from the u.v. lamp by a s i x bladed sector disc on 
the same shaft as the main chopper d i s c . This signal was fed v i a 
the pre-amplifier (A.E.R.E. type 200) to a scale-of-two c i r c u i t 
(the f i r s t stage of an A.E.R.E. 200 s c a l e r ) . Outputs were taken 
from the two anodes of the scale-of-two c i r c u i t , providing two 
stepped wave forms i n antiphase which were used to actuate the 
synchronous amplifier. Thus self-synchronism was achieved with 
none of the troubles associated with mechanical r e c t i f i c a t i o n 
and the band width of the signal could be made as narrow as 
desired without any danger of the sig n a l wandering out of the 
pass band of the detector. Any phase differences along the two 
signal paths could, of course, be balanced out by adjusting the 
r e l a t i v e orientation of the di s c s which were fixed to the common 
spindle by means of grub screws. 
The signal from the main amplifier, f i g . ( l ) came i n at 
PL1, harmonics having already been removed by the f i l t e r at the 
input of the amplifier. VI i s a phase-splitter, producing outputs 
from anode and cathode i n anti-phase, t h e i r amplitudes being made 
equal by suitable adjustment of RV1. These two signals are fed to 
the grids of V2a and V3b respectively, each of which forms one h a l f 
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potential divider network, with anti-phased square waves from a 
'scale-of-two* c i r c u i t , so that V2a and V"3b are turned on i n 
alternate h a l f - c y c l e s of the reference s i g n a l . Neons Nl and N2 
indicate which section i s 'on' at any moment, and are useful 
during the setting-up stage. PL2 and PL3 are taken d i r e c t l y to 
the anodes of the 'scale-of-two' stage already mentioned. 
RV2 and RV3 are used to adjust the currents through V2a and V"3b 
so that, without any input signal ( i . e . S l a i n the anti-clockwise 
position) the two anode currents are equal (determined by 
observing the waveform at the common anode point with an 
oscilloscope whilst the reference signal i s being fed to PL2 
and PL3.) With S I i n the centre position ( s t i l l no input signal 
but galvo no longer shorted) the current through V*f i s adjusted 
(by means of RV*f and RV5, coarse and fine potentiometers 
respectively) u n t i l the current through the galvo i s j u s t zero, 
i . e . u n t i l anode and the common V2a and V3b anodes are a t the 
same pot e n t i a l . I f a signal i s now applied ( S I i n clockwise 
position) which i s synchronous with the reference s i g n a l , then 
V2a + V3b anodes w i l l no longer, on average, bo at the same 
potential as V*f anode, and the extent of t h i s imbalance can be 
read on the galvo. I n practice, the c i r c u i t was used as a n u l l 
instrument, and the input adjusted u n t i l the synchronous signal 
had disappeared. V5 provides a reference voltage to which long-
t a i l e d p a i r grids can be returned, and also provides HT for the 
photocell which gives the reference s i g n a l . S2 provides s e n s i t i v i t y 
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Pig. I 2 Wave forms i n synchronous .detector 
control of the galvo, through a universal shunt c i r c u i t . Two HT 
l i n e s were provided, one rather c a r e f u l l y s t a b i l i s e d and free from 
ripple, the other somewhat cruder. 
The t y p i c a l wave forms at key points i n the synchronous 
detector are shown i n fig.(Xj.). 
Any odd harmonic of the chopping frequency w i l l not be 
eliminated by t h i s detector and w i l l produce a resultant change 
on G. Odd harmonics were lar g e l y eliminated by the frequency 
s e l e c t i v e f i l t e r inserted a f t e r the head amplifier. The required 
signal had therefore to be detected against a background of random 
noise in' a band centered on the synchronous frequency, and with a 
width determined by the effective number of cycles over which the 
A. 
galvanometer c i r c u i t integrates. 
Trouble from random noise was a major d i f f i c u l t y only 
when the photomultiplier tube potential was raised to the point 
(over lOOOvolts) where the amplified noise output was s u f f i c i e n t 
to exceed the bias applied to V2a and V3a, during the h a l f cycles 
when V2b and V3b respectively should have been conducting. Cooling 
of the photomultiplier below room temperature was not found to be 
necessary under the conditions used. I t was necessary, however, 
to include cooling c o i l s on the box containing the photomultiplier 
to prevent i t from becoming warm due to i t s proximity to the oven 
containing the i r r a d i a t i o n c e l l . Scattered daylight entering the 
photomultiplier was also a source of random noise and great care 
was taken to ensure that no daylight entered the reaction v e s s e l 
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quartz c e l l were coated with "A" dag c o l l o i d a l graphite along 15 cms. 
of t h e i r length where they emerged from the oven, i n order to prevent 
the passage of l i g h t up the tubes into the photomultiplier. 
The r e s u l t s of some data collected to measure the pass-band 
of the synchronous amplifier are shown i n f i g . ( ! 3 ) . 
The required frequency of about 300 c.p.s. (to simulate 
experimental conditions) was obtained from a quartz c r y s t a l 
o s c i l l a t o r through a divide-by-twenty stage of a 200 s c a l e r . The 
fundamental frequency was used both as control and input to the 
synchronous amplifier. 
An extra random frequency, obtained from a s c i n t i l l a t i o n 
counter and source, through a 200 s c a l e r as before, could be added 
onto either the control or input frequency. Thus the maximum 
a. 
amplitude of the galvanometer could be measured i n terms of a fixed 
frequency difference. The r e s u l t s are shown graphically i n f i g * ( £ 3 ) . 
I t can be seen that the pass band i s symmetrical and quite sharp 
(with a -J peak^equal to 0.05 c.p.s.). 
The phase s e n s i t i v i t y of the synchronous amplifier was 
also investigated using a synthetic signal as input and control. 
The signal from the quartz o s c i l l a t o r was again passed through the 
divide-by-twenty units on two s c a l e r s before being applied to the 
synchronous detector, one as the input and one as the control. The 
steady deflection of the galvonometer when the two signals were i n 
phase was noted, then the input signal was moved 18 ( i . e . - ^ - ) out 
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the divide-by-twenty stage i n the input supply l i n e . The steady 
deflection of the galvonometer was again measured and t h i s manoeuvre 
was repeated i n l8° steps u n t i l a whole cycle had been investigated 
( i . e . at l e a s t 20 s t e p s ) . The r e s u l t s are shown graphically i n 
f i g . (H^) . I t can be seen that the phase s e n s i t i v i t y of the 
synchronous amplifier i s an almost perfect sine wave. 
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APPENDIX 2. 
THE CONSTRUCTION OF A GAS CHROMATOGRAPHY APPARATUS. 
At the beginning of the work reported i n t h i s t h e s i s a gas 
chromatography apparatus was constructed with the intention of 
separating products of the photolysis of acetone-oxygen mixtures 
with a view to identifying them and determining the quantum y i e l d s . 
This branch of the work was never i n fact investigated because, the 
l i g h t emission and 1£ CH^I determinations were given preference over i t . 
The chromatography apparatus was used, however, i n the 
" development of a technique for determining JECH^I (see chapterTL ) , 
and i t s construction w i l l be described b r i e f l y . 
I t was decided that the apparatus should be mobile (for 
convenience when used by other workers i n the department) and so i t was 
mounted i n a box-shaped framework of Handy Angle S t e e l . The whole 
framework was mounted on four wheels and was e a s i l y movable. 
Argon (welding grade) was used as a c a r r i e r gas and the 
detector device was based on the idea proposed by Lovelock (48) and i s 
sim i l a r to that produced commercially by Pye. A beta p a r t i c l e source 
i n the detection chamber excites Argon atoms i n the c a r r i e r gas to a 
meta stable state (11.6ev). When the c a r r i e r gas contains organic 
molocules with an ionisation potential lower than t h i s , ionisation 
occurs and the resultant current passing between the two electrodes, 
maintained at different potentials i n the gas, i s used to record a 
peak. 
I I 1. 
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The detection chamber fig. ( T L , ) was constructed from a 
normal car spark-plug. The piece of metal which, combined with the 
central electrode formed the spark gap, was completely removed. 
The central electrode was extended by means of a brass rod one 
tenth of an inch i n diameter threaded onto i t . The outer brass 
cylinder was constructed so that i t screwed onto the thread of 
the spark plug as shown i n the diagram. The outer cylinder had a 
hole i n one wall with a brass pipe soldered onto i t to act as the 
gas outlet. The top of the cylinder had a teflon plug i n i t into 
which a cone had been machined so that a B7 glass j o i n t was a 
good f i t . This acted as the gas i n l e t . 
The radio-active source consisted of a piece of f o i l 
containing EaD-E-F with a c t i v i t y 37 |i> curies/mm. length. I t was 
provided i n a s t r i p 2-5cms. wide. About Jems, length of the s t r i p 
(about 111 y curies) vras coiled inside the cylinder - a gap being 
l e f t for the gas outlet. The volume of the detection chamber 
was. kept to a minimum,, an e a r l i e r chamber of larger dimensions 
having achieved no separation. 
The e l e c t r i c a l set-up i s shown i n f i g . (II ^  ) . 
E.H.T. (up to 2000v) was applied to the outer cylinder of the 
detection chamber from a standard power pack (100?)• 
The central electrode was connected to the DC 
amplifier whose output was used to control a P h i l l i p s 
Recorder. The amplifier feed back gain could be attenuated 
by factors of 1, 3i or 20 and the output by factors of 1, 3» 
and 10. Thus the maximum gain (of about 10^) could be 
attenuated over quite a large range. The resistances used 
I I 2. 
i n the dividers to give the attenuations above were s p e c i a l l y 
selected high s t a b i l i t y grade. The amplifier had i t s own power 
pack to supply high s t a b i l i t y HT. 
The detection c e l l was supported on an insu l a t i n g column 
of p l a s t e r of P a r i s with holes i n i t for the e l e c t r i c a l leads and 
the gas outlet. 
The c y l i n d r i c a l oven 1 metre i n length and 8 cms. i n t e r n a l 
diameter rested on the plas t e r of P a r i s block with a detection c e l l 
i n the lower end and the column containing the stationary phase 
standing v e r t i c a l l y inside i t . The column* which consisted of 
three limbs of 1 cm. tubing with a-B? pyrex cone on the lower end, 
and a b a l l socket on the upper end, protruded out of the top of the 
oven which was sealed by a removable insulating l i d with holes bored 
i n i t to accommodate the column and a thermometer. 
The flow rate was determined by measuring the time taken 
by a soap bubble i n t r a v e l l i n g between two set marks i n a glass 
tube on the outlet end of the detection chamber. 
The argon supply was obtained d i r e c t l y from a cylinder 
and connected to the column v i a the b a l l j o i n t on the top of i t . 
This b a l l j o i n t could be disconnected to put a sample on the column. 
The small samples required were delivered from a c a p i l l a r y dropper 
purchased from Pye and said to del i v e r 0.1 mi c r o - l i t r e s of l i q u i d . 
The temperature of the oven was controlled by means of 
a " v a r i a c " which controlled the power dissipation i n the heating 
c o i l s . 
I I 3, 
F i r e b r i c k grade 30-60 was used as the supporting medium 
and dinonyl phthalate, s i l i c o n e grease and P.U.G. hOO were 
investigated as stationary phases. 
I t was found that separating of acetone, ether, methyl 
iodide, ethyl iodide, methanol and ethanol were possible and the 
best conditions for separations of p a r t i c u l a r mixtures were 
investigated. With the columns used water gave a very poorly 
defined peak. 
Attempts to obtain quantitative r e s u l t s from the apparatus 
by cutting out the peaks on the recorder paper, and weighing them, 
gave r e s u l t s varying up to 20%. Much of t h i s v a r i a t i o n was no doubt 
due to errors i n the volume of l i q u i d put onto the column. Drying 
of the c a r r i e r gas, a constant head device for the input pressure 
of the argon and the use of constant weight paper i n the recorder 
would also improve the reproducibility. A vdevice to deliver a 
constant amount of organic vapour into the argon stream was designed 
but i t had not been b u i l t when r e s u l t s from the l i g h t emission 
apparatus caused attention to be focussed on that section of the work. 
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APPENDIX 3. 
Kinetic Treatment of Mechanism of figure 32. 
The symbols i n figure 32 have the following meanings, 
An = v i b r a t i o n a l l y excited l e v e l s of the singlet state. 
Ao = zero vibrational l e v e l of the singlet state. Ao = zero v i b r a t i o n a l 
a 
l e v e l of the t r i p l e t state. C = complex between Ao and iodine or 
// 
oxygen. The products a r i s i n g from Ao and C a r e not necessarily 
i d e n t i c a l . (A) and ( I ) w i l l be used for acetone and iodine (or oxygen) 
concentrations respectively. 
To simplify the algebra, the equations w i l l be handled i n terms 
of k's treated as f i r s t order rate constants. These w i l l be replaced 
i n the f i n a l equations by L = (1^ + h^(A) + j ^ ( I ) ) as necessary and 
shown to be j u s t i f i e d i n the discussion of r e s u l t s . Care must be 
exercised in replacing the rate constants for l i g h t emission (k,, and kg) 
by t h i s procedure since i f i t proves necessary to expand, for example, 
kg as lg + hg(A) the phosphorescence, Ip, w i l l be associated only with 
the f i r s t order process l g . 
The following relationships are obtained from the usual steady 
state treatment. 
k. I a 
. , + k _ (C) w k a +k. -7 
U o ) = k + k + k ( 2 ) 
k 6 + k ? + k 1 Q 
k„ (A"O) 
and since fluorescence i s a minor process under a l l conditions i t i s 
j u s t i f i a b l e to take k « k, hence the numerator of (2) reduces to 
2 k 
I a + k_ ? (C). 
I l l 1 . 
The Primary Quantum Yi e l d i n Pure Acetone. 
For the system containing only acetone then = k ^ = kg = = 0 
and now (Ao) = l a (kg + k ^ ) 
hence <E d = k 1 Q (Ao)/Ia = k 1 Q (kg + k ^ ) " 1 (k) 
Inverse Fluorescence Y i e l d . 
By d e f i n i t i o n the fluorescence y i e l d i s given by 
Q' = " / l a 
, 1 l a . k2 + kk . H 
Q' k 2(Ao) " k 2 r k 2 ° ; 
Inverse Phosphorescence Y i e l d . 
I t has been shown i n the discussion of the mechanism that kg 
must be replaced i n the form l g + hg(A). 
We now have 
(fa l a + k-7 ( C ) (61 
- l g +-T£TAT + k ? + k 1 0 
and since the phosphorescence i s under a l l conditions a minor process 
l g must be negligible compared with one or a l l of the other terms i n the 
denominator. Hence substituting (3) into (6) with the omission of l g 
from the denominator, and then using the expression 
Q = l 6 ( A o ) / l a 
i t follows that 
3 - L "Q57 " 1, 
r i + Vk 
J° 6 7 1 + k8A9 + -7A 9 
Since a molecule of iodine i s required to form the complex, k r 
must take the form j ^ ( l ) . Further the process kg involves the 
dissipation of considerable energy and i s therefore l i k e l y to require 
I I I 2. 
a 'third body1 which w i l l probably be acetone which i s present: i n 
large excess; hence kg =.hg(A) i s probable. 
This leads to h Q(A) 
1 + 8 
1 _ 1 
Q77 Z 
r k k 1 Q h 6(A) + j ( I ) n ( A ) 7 k / (7) • 1 + o + -_J2 
k 9 k 9 
The above equation applies to acetone - iodine mixtures. For 
acetone alone, ( I ) = 0 hence the l a s t term i n the bracket i s zero and 
1 < kio V A ) (8) 
w + — 
The Primary Quantum Y i e l d i n Acetone/Iodine Mixtures. 
The primary quantum y i e l d i s given by 
_ k i n(Ao) + k_(C) & d = _ ™ _ -2 l a 
k„ K ( k1Q +k-7 + k8 +k9VA^ l a 
and, substituting the value for (Ao) obtained in (6) (with the 
exclusion of lg) and substituting as before for k^ and kg we obtain 
k10 + 1 . TJTT ho (A) k „ V 1 + _° + _zZ 
V \ 8 u > 
1 + _° 
k l 0 + h 6 ( A ) + k 9 
" r ; + : h 8 ( A ) + k-7 
k 9 k 9 
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